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PREFACE 

Since the beginning of time, man has searched for answers to 

questions about himself and the world in which he lives.     Out of this 

search have been born the many fields of science we know today.    Most 

of these sciences had their beginnings with the ancient Babylonians, 

Egyptians,  Phoenicians,   and Greeks.    By the 4th century B.C.,  Biology 

and Physics had begun,  while Astronomy and Mathematics were veil es- 

tablished sciences.    Even applied sciences t-uch as Medicine and 

Engineering had begun to emerge. 

Often shrouded in mysticism,  or dominated by religious and 

political thought,  science seemed to advance or decline as a body. 

During periods of advancement in one field,  similar gains are often 

found in others;  progress  in Astronomy and Biology,   for example,  was 

stimulated by the optical discoveries of the telescope and microscope. 

During the rise of Greek science,  an interesting dichotomy appeared. 

Observation,  which played a minor role in Astronomy and Physics,  be- 

came prominent in Medicine.    Hippocrates and Aristotle,  the two Greeks 

of the period most interested in the life-sciences had little to do 

with Mathematics.    Living things became exempt from mathematical 

treatment, and Medicine became the province of the non-mathematician  [1] , 

Now, over 2000 years later,   the medical scientist has found a very 

mathematical tool to aid him in his work - the digital computer. 

Probably the first stored program electronic computer was the 

EDSAC developed at Cambridge University in 1949.    Primarily designed 

to solve differential equations,  early computers were strictly within 
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the realm of the mathematician. As computers became more powerful 

and easier to use, their use became more general in other disciplines. 

In 1956} the Air Research and Development Command of the U.S. Air 

Force sponsored an investigation to explore the possible uses of the 

computer in medical research [2] . 

In 1956, the National Aeronautics and Space Administration pub- 

lished a report on the uses of the computer in the medical field. By 

this time computers had been used in medical diagnosis, analog simul- 

ation of physical systems, handling of medical records, and teaching [3]. 

Since the time of that report, the use of the computer in medicine has 

been extended to include other administrative tasks, statistical 

analysis, and patient monitoring [4]. 

The use of the computer to understand the physical phenomena of 

the human body is still a relatively untouched field. There are 

many systems within the human body that cannot be completely under- 

stood using the physician's prime tool, observation. One of the most 

important of these is the human circulatory system.  Although a 

great body of knowledge has been built up through the years, there are 

still a great many unknowns about the way blood flows through the 

body. Conventional means of measurement cannot answer these questions, 

because the act of introducing a measurement device into the system 

usually changes its characteristics. 

By constructing a realistic mathematical model, the scientist 

can use the digital computer to see into previously unknown worlds, 

and find significant answers to problems regarding the circulatory 

system. The mathematician, with the aid of the digital computer, has 

x 

———  i^^a.^^^ii^^^,.^..,..r.^...,.....^:^,^^^^.,:.... iiiiiitiiiimiii iiii^  , ■      ■-■ , ..^....vi.-ji 



■PW,lWlllWI«il«^^ ll«il|i|l»lUI|«MI.Wll»lJ.W>«iP! Jl *.H1 PMIMJUil ini»M.IH4.UVJI|l|l^l!l>IIVlHl^-J-u'^H'.ll^IILP| 

a great deal to offer the field of medicine. It is hoped that the 

kind of research represented here will be significant in bringing 

together these two disciplines. 
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ABSTRACT 

The research presented here is part of a continuing project at 

the University of Utah, involved in the study of blood flow phenomena 

in the human body. These studies involve the solution of a system of 

non-linear, partial differential equations known as the Navier-Stokes 

equations. Analytic solutions to these equations exist only for a 

few special, ca.ses, therefore, numerical techniques have been developed 

for approximating them.  A particular requirement for hemodynamic 

studies is that a solution technique exists which allows flexible, 

arbitrarily shaped, no-slip boundaries to be defined in the model being 

studied.  The technique which is developed in this report allows 

that kind of definition.  It is a finite difference technique, based 

on the Marker and Cell method developed at Los Alamos Scientific 

Laboratory. 

Because such methods are typically large and cumbersome, the 

efficient implementation of this new technique was taken on as a 

concurrent investigation.  The use of interactive computer graphics 

provides the user with the best approach to an efficient implementa- 

topn, if_ it is applied in the right way. 

Techniques for applying interactive computer graphics to the 

solution of hemodynamics problems involving flexible, arbitrarily 

*This report reproduces a dissertation of the same title submitted to 
the Department of Electrical Engineering, University of Utah in 
partial fulfillment of the requirements for the degree of Doctor 
of Philosophy. 
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shaped, no-slip boundaries are demonstrated for a particular problem. 

This problem involves  the study of blood flow through a ball-type 

prosthetic heart valve.     The results of this study agree closely with 

known experimental studies. 
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CHAPTER ONE 

INTRODUCTION 

The research reported on here is part of an on-going project at 

the University of Utah, committed to the study of blood flow phenomena 

in the human circulatory system [5]. Topics of current interest in 

this area include the formation of atherosclerotic plaques, and the 

problems associated with blood flow through artificial heart valves [6]. 

The numerical solution of this type of problem involves the solution 

of a system of non-linear partial differential equations.  This set of 

equations, known as the Navier-Stokes equations is extremely difficult 

to solve. Analytic solutions exist for only a few well known special 

cases, where tho  proper assumptions reduce the equations to a solvable 

form. 

In recent years, numerical techniques have been developed which, 

with the aid of the digital computer, can find solutions to a 

broader class of fluid problems.  Even these techniques however, take- 

advantage of special cases:  straight walls, two-dimensional flow, 

symmetry, etc. They are typically finite difference techniques, 

and as such require large amounts of computer storage and large 

execution times. As the problem becomes more and more complex, the 

storage and run time requirements of the problem grow very, very fast. 

For example, in a recent work reported on by Hirt and Cook [7], a 

three-dimensional problem of limited resolution (15 computing cells 

on a side) required 64,000 words of high speed store on a CDC-7600 com- 

puter . 

■ 
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Although numerical techniques are becoming more powerful and more 

sophisticated, the trend seems to be for these techniques to rely 

heavily on the brute-force speed and large memory capacity of today's 

super-computers. They tend to neglect the more elegant features 

available on modern computing systems.  It would seem that a certain 

level of sophistication would allow such problems to bo run much more 

effectively. This does not mean that the goal here is to produce a 

faster piece of code, but rather one which is more efficient in its 

use of total machine resources. One way that this can be done is to 

give the user the capability to visually interact with his program. 

Interactive computer graphics is certainly not a magic formula 

which will make a computation easier.  In fact, if poorly designed, a 

programming system using interactive computer graphics may prove to 

be a serious handicap. Therefore, in suggesting the inclision 

of an interactive graphics capability, the previously mentioned goal 

of program efficiency must be kept in miad. 

The class of problems to be considered here involves the study of 

blood flow past artificial heart valves. In order that the problem 

be studied with as few simplifying assumptions as possible, a nunerical 

technique of considerable power will be used.  In addition, interactive 

computer graphics will be included as an integral part of the solution 

process. Considerable detail will be focused on keeping the entire 

program efficient in terms of the use of machine resources. 
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CHAPTER TWO 

THE PHYSICAL PROBLEM 

The heart is basically a four chambered pump. The major pump- 

ing muscle of the heart is ehe left ventricle, which supplies oxygen- 

ated blood to the entire body,  The inflow vaxve to the left ventricle 

is the mitral valve, and it's outflow valve is the aortic valve.  It 

is one of these two valves whi'-h is most often destroyed or impaired 

genitically or by disease, even though two other valves exist in 

the right side of the heart. 

In the past few years, successful replacement of the natural 

valve with an artificial one has brought about the development of 

many different designs for artificial heart valves. Unfortunately, no 

one valve completely fulfills all of the criteria for an ideal re- 

placement to the natural valve [8] . By studying the flow character- 

istics of currently available prosthetic heart valves, the results 

could provide valuable insight into the design of a better valve. 

The physical model chosen to study first was the Starr-Edwards 

ball type valve. Because this is a very popular replacement for the 

natural aortic valve, some detailed study of its flow characteristics 

seems to be in order. The environment for this model is the heart 

valve test chamber developed by Weiting at the University of Texas [9]. 

This provides experimental results for later comparison and evaluation 

for the chamber was carefully designed, according to data derived 

from cadaver heart measurements. 

The valve testing chamber shown in Figure 1 was designed by 

--■ ■ ■ - -■■■• ... „,.<,;  ,.„>■ „,!.,„„>.:,.:,.„....■,„..,.,„, .,.•„, 
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Wieting duch that the cross-sectional flow areas were analogous to those 

in the human heart. 

Figure 1 

Wieting Heart Valve Rest Chamber 

A cross-sectional view of the chamber is shown in Figure 2.  In this 

drawing, a ball type valve such as the one !-.o be studied is shown 

in the open position. 

PLEXIGLASS DISK 

LEFT VENTRICLE 
ggaaaa—BagMgwag"- 

COMPRESSION BALL 

Figure  2 

Cross Section of Chamber 
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Placing this cross section in an r-z reference frame, as shown in 

Figure 3, the coordinates of points along the wall of the chamber 

car. be determined. These points then provide a description of the 

boundaries for the computer program.  This list of points is contained 

in Table I. 

Figure 3 

Coordinate Axes Used to Obtaxn Computer 
Input for Test C!-imber Description 

: 

m^m^^ wmm -^—■.- i - ^ ^"-■<—— 
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TABLE I 

INPUT POINTS FOR BOUNDARY DESCRIPTION 

COORDINATES IN MM 

R 

0 

1.7 

1.7 

1.58 

1.56 

1.58 

1.62 

1.736 

1.736 

1.683 

1.524 

0.89 

0.846 

0.90 

1.397 

1.46 

1.65 

2.984 

3.175 

3.2 

Z 

0 

0 

6.8 

7.31 

7.56 

7.82 

8.07 

8.53 

8.78 

9.04 

9.42 

9.48 

9.74 

9.99 

10.10 

10.35 

10.73 

12.13 

12.51 

12.89 
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3.2 

0 

0 

0.198 

0.388 

0.561 

0.700 

0.827 

0.908 

0.949 

0.949 

0.908 

0.827 

0.700 

0.561 

0.388 

0.198 

0 

0 

TABLE 1 

Continued 

16.0 

16.0 

9.255 

9.233 

9.171 

9.072 

8.938 

8.777 

8.595 

8.399 

8.209 

8.105 

7.823 

7.662 

7.528 

7.429 

7.367 

7.345 

0 

■  _ 
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CHAPTER THREE 

THE DEVELOPMENT OF THE MATHEMATICAL MODEL 

A.  THE EQUATIONS OF FLUID FLOW 

The mathematical study of fluid dynamics is based upon the prin- 

ciples of conservation of mass, momentum and energy. These principles 

can be expressed in the form of partial differential equations. Der- 

ivation of these equations are found in standard fluid dynamics texts 

such as those by Lightfoot [10] or Batchelor [11] . For simple two- 

dimensional flow they are: 

9u 
3x 

P ( 

9v 
3y 

= 0, 

3u 
9t 

.  3u .  3u .  . 3p    _ 

D ( -z—  + M v 3t 
3v ,   3v ,    3P    n 

(1) 

(2) 

(3) 

Equation (1) is the continuity equation, and equations (2) and (3) are 

the Navier-Stokes equations for two-dimensional incompressible flow. 

In these equations, u and v are velocities in the x and y directions 

respectively, p is the density of the fluid, and p the1 pressure in the 

fluid. 

Since blood is a viscous fluid, in our particular study involving 

incompressible rlow, we must consider the effects of viscosity. 

This results in the bet of equations: 

m*m ■      ■■■■■-«.-a^.r^.^  ...^■li.h^MW^.-.^     -.. .  ... m*L.-Li^:..... . .  ^v,.Ji^tji«^w»aiii^a1:(jaj.j^.»J.»^.«ja»J:,...^..>Jfä 



  

I 

—^ — 

3x    3y 

p {|E + u|ä + ^) + ^ = -M92u 

P ( 

at 

3v 
3t 

3x 3y 3x 

(4) 

+ ^),     (5) 
3x2    3y2 

3v    3v.  ,  3P     ,3^ ,  32v 
3x 3y' 3y 

.2, 

3x2 3yil 

where y is the via-oaity of '•he fluid. 

Dividing equations (5) and (6) through by p, we get: 

3u + u3v    3v + 30 
3t    3x    3y    3x 

J2*    . - v (  + 
3x2 

3iu 
3y: 

), 

3v     3v    „3v  .  30 _ 
3^ + ^ + V37 + 37 " 

.32v 32v 

3x'2    3yz 
). 

Here v = v/p,  the kinematic viscosity of the fluid, and 0 = p/p. 

In the more familiar vector form these equations are: 

V • u = 0 

~ =  (u  • V ) u - V0 + vV\t. 

(6) 

(7) 

(8) 

(9) 

(10) 

The motion of the fluid is described in equation (10) in terms of 1 

->    ->■ 

(u • V)u 

2. -70 

2"»- 3. vV^u 

The convection of momentum by fluid motion. 

The momentum change due to pressure forces. 

The diffusion of momentum by viscous forces. 

" ■       11 1 11 n 11 iirt1flhfri**a^!"-,'-J- -.-^^.^-.-. ■'■■ -■■■ -■■.-- 

w 
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Equations of this kind cannot be solved analytically. However, 

approximation methods have been devised which, with the aid of the 

modern computer, can realize extremely good solutions to fluid prob- 

lems. One class of such methods is that of finite differences. The 

use of such techniques is discussed at length in Forsythe and Wasow [12] , 

and Varga [13] . The techniques used by the present investigator are 

of this class. 

B.  FINITE DIFFERENCE TECHNIQUES 

Fundamental to most numerical techniques for the solution of par- 

tial differential equations is the fact that the derivatives of a func- 

tion can be expressed in terms of values of the function or differ- 

ences in values of the function at different points in the region 

over which the function is defined.  Given an arbitrary function 

U = U(X), and assuming that U possesses a sufficient number of deriva- 

tives, the value of U at two points X and X + h can be related by the 

Taylor's series expansion 

U (X + h) = U (X) +0' (X) h + ... 

U ^j (X)  h""1 + h^ u(n)  (X.) 

(n-l)l "' 

(ID 

where X1 lies between X and X+h. As h, the incremental distance 

between these two arbitrary points, is allowed to become very small, 

the high order terms of the expansion approach zero, and can be 

MMMHiiMilNMilll  m..--—'--       -■  -   ■■■-■ ■—'— niniiriiinriinfaiMmni ,, —^-. ■■-.--.. --^iiMiiiiiniiifMn^—--.■-■■ 
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lumped together as an error term. Now expand U.  and U.  in a 
i+i    i-l 

Taylor series expansion about the central point U.. 

U(X) 

Figure 4 

Using a Taylor's Series to Approximate 
the Function U = ü(x) 

This results in the two equations; 

IT   - M  " u du  L u
2 d2u   , 3 d u    „  r , 4, ui-i " ui - h ST + h 77 _ h TT + 0 [ h ] 

dx      dx 
(12) 

and 

2        3 
n   _ TT     , du    , 2 d u    . 3 d u   „ r . 4, ui+i -ui   +   hsr+h7T+h7T+0[h1' (13) 

dx dx" 

where all derivatives are evaluated at the point X = i. Subtracting 

equation (13) from equation (12) gives the three point, central finite 

difference formula for the first order derivative of U at X = i as 

du 
dx 

Ui+1 - 
Ui-1 2 
    + 0 [ h ]. (14) 

2h 

•"■—-->-:-^"' "■ -        •—"-"' 1 r     «■■— "-■   "■•   ..■■.-■.,.-.«..■=-■/,. ,..,.,..^^~*.^J.*r.^^* 
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Similar derivations give the forward difference formula 

du 
dx 

Ui+1 " 
Ui 

+ 0 [h], (15) 

and the backward difference formula 

du 
dx 

U.   - U.   , 
x        i-l 

+    0   [h] (16) 

The usefulness of these difference formulae can be demonstrated 

by considering a simple differential equation: 

dz 
dx 

= F (x,z)  , z(x0)  = z0. (17) 

dz 
The derivative — at the p:)int x0 can be approximated using the for- 

ward difference formula of equation (15) as: 

dz 
dx 

z,- z 1  o 
x=o (18) 

Applying this approximation to the given differential equation (17) 

z(x1) = z(x0) + hF (x0,y0) (19) 

gives an approximation to the solution of equation (17) at the point 

Clearly, successive applications of this difference scheme will 

result in solutions to the equation for all values of x for which the 

function is defined. 

■■ " " ^-.^~* ^^^a^^.^. ^..^...^ ^^^^^.. 
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Extending this derivation to functions of two variables also re- 

sults in the central difference forms useful in the solution of partial 

difference equations: 

8u 
dx 

in 
9x
2 

Ui+l,j - "i-l^j +0 [h ]' 

2h 

ui-i>j   -^i^j   +üi+l,j   
+   oth   ], 

(20) 

(21) 

2 2 
Similar forma exist for ——, ——,     and    d . 

8y 

An equation which frequently appears in studies of fluid dyn- 

amics is Poisson's equation 

92U  .  32U      ,  . 
—T + —5" = g (x,y). 
3x     dy* 

(22) 

Consider solving this equation over some region R with some appro- 

priate boundary conditions along the boundary B. By superimposing a 

square mesh on the region R, as in Figure 5 , the finite difference 

forms of the derivatives at the point (X-.Y..) can be written 

■"-' — ■ HMMtttiiManii !■ n   ■NiiitmlinmiTJifa-niii i      rn inair'-  -.-,--..- --.,  . 
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XQ X,  Xg 

Figure 5 

The Use of a MeEh in Deriving Finite Difference Equations 

afu 
9x

2 

U (X0, Y1) - 2U (X^) + UCX^) 
(23) 

and 

32u     U (X^YJ - 2U (X1,Y1) + U(X1,Y2) 

8y 

Using these approximations, equation (22) can be written as 

(24) 

.^■■..■..-.. J.^^.—.....>■ i...  -n,,,.,, ,.„.■ „mtuMM,. n ...- .-^..-^ ■ - ■.^..■■4..    _..-..■..»..■..■ ...»w..^..^-.-.-  Ji 



wswwBPpwwsraw^B»^^ —rmmmmBssmm^WfWHim 

15 

UCX^Y^   +   üCx^YjQ   +   UCX^YJ + ü(x y2) - 
4U(XX'YX)  (25) 

g(xlfY1). 

An analogous equation may be written for every point interior to 

B, being careful to use the appropriate boundary conditions for points 

near B. This leads to a system of linear equations 1.: the unknowns 

U{Xi,Yi) which can be solved for by some iterative technique. All of 

the methods discussed in this paper are based on this use of finice 

difference equations. 

C  STREAM FUNCTION AND VORTICITY 

In general, solutions to problems in fluid dynamics are difficult 

to obtain.  The most popular technique for simplifying the equations 

has been the introduction of stream function and vorticity as primary 

variables. 

In considering the flow of an incompressible fluid., the mass con- 

servation equation 

i£ + v. 
9t    V (pü) = 0 (26) 

reduces to the statement that a vector divergence is zero. If the flow 

field is two-dimensional, this vector divergence is the sum of only 

two derivatives. From the mass conservation equation given previously 

in equation (1) it follows that udy-vdx is an exact differential. 

•■ 

^..^—^ .- ^-*^*.^ .      .. 
4'..    SftrtÄ.^-.-:^-— ' iMr^MtiirtarMiii'yiiiiaitiii'ririti.vinj. 
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say equal to d^.     Then 

dip U 
3y 3x (27) 

In this way we have used the mass-conservation equation to replace the 

two dependent variables u,v by the single dependent variable ij), which is 

a very valuable simplification in many cases of two-dimensional flow. 

Y 
A 

v 

L. 

-i>X 

Figure   6 

Derivation of Stream Function 

The scalar function 4» is now defined by 

^  - ^0  =    j (jäy - vdx) , (28) 

where i|(0 is a constant and the line integral is taken along an arbi- 

trary curve joining some reference point 0 to the point P with coordin- 

ates x,y, as shown in Figure (6). From this we can show that the flux 

of volume across the closed curve formed from c.ny two paths joining 0 

and P is necessarily zero when the enclosed region is wholly occupied 

iiliiiiiiliiiiiii-'irTii  r irlriiiriMiiiüiiiiiiiriT r r - -■■■^•^^*^^^^'^>ti|>^iijil|,I.|r > t^*i*^^^^iM ■'.■.•^..-:<:~:: 
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by incompressible flow. The flux then is independent of the path, and 

defines a function of the position of P.  Since the flux of volume across 

any curve joining two points is equal to the difference between the 

values of ^ at these two points, it follows that ^ is constant along a 

streamline,  ij^ is therefore termed the stream furction. 

Another important concept in simplifying the equations is vorticity. 

The vorticity, or rotation, of a fluid is given by 

d) = Vxu (29) 

Again,  restricting analysis to two-dimensional flow,   there exists only 

one component of vorticity,  namely 

U)Z     = 
Du 
3x 

9v 
3y 

(30) 

Almost all of the solution techniques that this author is ac- 

quainted with use stream function and vorticity to simplify the equa- 

tions of fluid flow. A few of these techniques are outlined below. 

D.  SOME PREVIOUSLY USED NUMERICAL TECHNIQUES 

One of the earliest attempts to solve numerically a problem of 

time dependent two-dimensional incompressible viscous flow was done by 

Fromm [14] at Los Alamos. Fromm's use of stream function and vorticity 

is representative of most numerical techniques. 

Taking the curl of equation (10), and using the definition 

'j:--'""-- '-*—-■* _ .^ _    
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of vorticity of equation (29), results in the vorticity transport 

equation 

3t    v ^    3y 9x 
9w QJL 

" 3x 9y ' 
(31) 

The definition of vorticity (29) can be written in terms of stream 

function 

u) = - - Vij; . (32) 

This equation is a Poisson's equation, and can be solved by some itera- 

tive technique, using finite differences as outlined previously. 

Fromm begins with some initial guess for his solution. Time is 

then advanced, and a finite difference form of equation (31) is used to 

compute new vorticities thoughout the mesh. Using the updated vorti- 

cites, equation (32) is solved for the (|) field. An improved Liebmann's 

method was used [15], taking advantar* of any available advanced values 

of neighboring points.  The iteration continues pntil the field settles 

down. Finally, new velocity components corresponding to the updated ty 

values are calculated, and then used to obtain cbrrected vorticity 

values at walls and obstacles. This process is then repeated until some 

appropriate convergence criterion is satisfied. 

Fromm's method suffered from a poor approximation of the boundary 

conditions, and the requirement for stability and accuracy of excess- 

ively small time steps.  Steps to improve the application of the boun- 

dary conditions and the iterative procedures were taken by Pearson [16], 

MOM *^"~''J-"^"-J"^ ' '" ■■■"---^^"^"■"■^■M-'--"---^- in   ir iiiililillülli Ii ii   i -i .y- liij(iii|ii"-^^^-''^-"-^.'.».^^-MM(1|i|l--,i ,, , :   .     . , ^ivL- . . ,       .    ., 
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and Esch [J7j.    Stream function-vorticity methods still have several 

difficulties.    First,   the boundary conditions are difficult to apply, 

especially to a free surface.    Second,  extension to three-dimensions 

and cylindrical coordinates involves a great effort.    These difficul- 

ties have been overcome by solving the Navier-Stokes equations in terms 

of the primary variables velocity and pressure.    This work was done by 

Harlow et al.     [18]   at Los Alamos. 
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CHAPTER FOUR 

THE DEVELOPMENT OF THE NUMERICAL METHOD 

A.  THE MARKER AND CELL TECHNIQUE 

Developed at Los Alamos, the Marker and Cell [19] (MAC) technique 

for computing time-dependent, viscous, incompressible fluid flows in 

several space dimensions, was the first such method to use the primary 

variables velocity and pressure. The MAC technique utilizes the full 

Navier-Stokes equations, without the usual simplifying assumptions. 

The MAC methodology as described here forms the basis for later devel- 

opments which were used in this research. 

j 
The Solution Technique 

The MAC method uses two coordinate systems. The primary coordinate 

system covers the region of interest with a rectangular mesh, each cell 

of dimension 6x by 6y. If the cells are numbered by indices I and J, 

such that I counts the columns in the X direction and J the rows in the 

Y direction, then the field variables describing the flow field can be 

positioned as shown in Figure 7 . 

mtiUitmmmmftamtS^^mt&liuma&amiitmMmmto^^ ■ ^Mtifäiisäiid M-iAm. ■. 
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Ui-l/2,j Ui+1/2,j 

Figure 7 

Location of Primary Variables in MAC Finite Difference Grid 

The variables are placed as shown in order to maintain conservation. If 

the field variables are placed at the cell centers, the finite differ- 

ence equation for pressure would require the involvement of the next 

layer of cells beyond that which immediately surrounds any central cell 

in order to attain rigorous finite-difference mass conservation. This 

means that the solution technique becomes much more complex, in addi- 

tion to the inaccuracies introduced by using far-distant quantities. 

Besides the coordinate system attached to the finite difference 

cells, there is a coordinate system of particles whose motions describe 

the trajectories of fluid elements. The marker particles serve two 

functions? first they show which cells are free surface cells. Second, 

■*MMfc*M»*amfaiatti^'M^"--      -—-  — „^.. ^.«.^^».^^..r ..„.^.al^..^„.J ^ ...,„;. ^ s^iM^.aM^-&i.fcA^&i^imt 
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they show the motion of the fluid as it passes through the computing 

region. 

The calculation is carried out by advancing the entire fluid con- 

figuration through a small, but finite, time increment. The results 

of each time cycle acts as the initial conditions for the next one, and 

the computation continues as long as the fluid motion is of interest. 

The steps in each cycle are outlined below: 

1) The pressure for each cell is obtained by solving a finite-differ- 

ence Poisson's equation, whose source term is a function of the vel- 

ocities. This equation was derived subject to the requirement that 

the resulting momentum equations should produce a new velocity field 

that satisfies the incompressibility condition. 

2) The full finite-difference Navier-Stokes equations ire used to find 

the new velocities throughout the mesh. 

3) The marker particles are moved to their new positions, using for 

their velocities simple interpolated values from the nearby cells. 

4) Bookkeeping processes are accomplished related to the creation or 

destruction of surface cells, the input or output of particles, the 

advancement of a time counter, printing or plotting results, and 

numerous similar matters. 

The Finite Difference Equations 

Returning to the Navier-Stokes equations, the finite difference 

form of equation (9) can be written for MAC usage as 

liiliaimiiifiiiiillMiiiiiiniiri-rii IIIin    iiirmmir1^-"—'■■ 
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D^ - ^T   (u^i /o 4 -«,_, ,o J + ir (v ij  = ^    lUi+V2,j  -Vl/2fj
1  + 57 (Vi,J+l/2 - Vi,j-l/2,        (33) 

The incompressibility condition then becomes 

D. .     =    0 
ij (34) 

which is required at every cell, at every time step. Rewriting equation 

(10) as 

|iL « .V (uu)  - V0 + vV2u, 

The finite difference equations can be written 

(35) 

_1  / n+1 
6t  (Ui+l/2,j"Ui+l/2,j ^ ['"i.j'2 - 'Vx.j'2] 

"Wf UV> i+l/2,j-l/2 " ""' i+l/2,J+l/2 

^«-^'♦i.j -♦l*l,j' 

+ V (u 
6x 

+ u. ,,n   .   - 2u. 2  i+3/2,j   i-l/2,j    i+l/2,j 

2 (Ui+l/2,j+l + Ui+l/2,j-l ' 2ui+l/2,j) 6y 

(36) 

T* 
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_1   /   n+1 
fit   I Vi,j+l/2 " Vi,j+l/2 £[<■ 'i.    I <l'V)i-l/2,j+l/2  -   (uV)i-|.l/2,3+1/2 

¥ ['i,.'2" (vi,j+1'2] 
+g   + T-   dl».  , - d)        ) 

+   V 
ÖX 

2   (Vi+l,j+l/2 + Vi-l,j+l/2  "2vi,j+l/2) 

+  6v2   (Vi'3+3/2 + Vi,j-l/2  "2Vi,j+l/2) i- 
(37) 

where g^ and g are the gravity components. Equations (36) and (37) are 

immediately available for computing new velocities, and ii.  fact are the 

equations used in step (2) of the computing technique outlined previously. 

Now it is only necessary to find an equation for the pressures. In 

order to do this, first define 

Qii = A 
2 

Ox 

V 

(u .)2    +   (u.   .    .)2 - 2(u.   .)2 

(V
n     -i4.1)2       +     (Vi     ^    l'2   -   2^-      •)2 

5xöy (UV,i+l/2,j+l/2 +   ^1-1/2^-1/2 "   (UV) 1+1/2^-1/2 

-(uv) 
L-l/2,j+l/2 (38) 

^ 

li**^******^***^.^.-,-:,,.,^   ■ iriilrtilfl "■^— - ■ ■—-'"•   iiii-in üiiä     --'^^"^IliK-M'taiililia'lfi r +. ■ ■ ■--*■ 



ppJW,iii^j|^i|iJ^uipL»jiRip^ 

25 

Prom equations   (36)  and   (37)   it follows that 

6T ( <• " \ij = - ßifj - -T (*i+i, j+ ^-1,3 " 2*i,:J 

6y 2   (*io+l 
+ ^0-1 - 2*i,J 

+ v —ö    (D. .,  . + D.   .   . -2D.   .)   + —r (D   .   ,   + El   .        - 2D    J 
6x2 iHj        I-J,D        i,j        6y2   Vi,j+1      l,j-l       ^^ (39) 

..n+1. 
By setting Di  j = 0 in this equation, the fundamental equation for 

finding the pressures is 

-^ ^iHj+ h~v - ^ + TT (^+1 +^-'' ^ - -hi 
6x2        —        -- -3        öy- 

(40) 

where 

D. 

i,j     ^^j       6t 

-{^ '^ + "t-w " ^j' + ^ <ljtl ^ 1,.! - "^ 

(41) 

Equation (40) is a Poisson's equation, and must be satisfied by some 

iterative method. 

Boundary Conditions 

Rigid walls, inflow boundaries, and outflow boundaries are confined 

to follow cell boundaries. This means that all side or obstacle walls 

must be horizontal or vertical. 
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If the wall is to allow for Free-slip (i.e. there is no friction 

between the wall and the fluid) , then whenever an equation calls for use 

of an exterior tangential velocity, the calculation simply uses the 

value of the tangential velocity at the image point back in the comput- 

ing region. If an exterior normal velocity is required, the negative 

of the image value is used so that the normal component of the velocity 

in fact vanishes at the wall. 

If the wall is no-slip (i.e. the tangential component of the fluid 

velocity = 0 along the wall), then the exterior tangential component 

must be the negative of the image point.  In order that D. . vanish for 

exterior cells, this requires the external normal velocity components 

to have the same value as they do at their image interior points. 

Expressions relating the normal difference of the pressure to the 

normal component of the body force and the viscous diffusion of normal 

momentum are contained in the momentum equations. These expressions 

supply the needed boundary information for solution of the 0-equation, 

B.  SIMPLIFIED MARKER AND CELL TECHNIQUE 

It is the application of these boundary conditions in the 0-equa- 

tion which makes the MAC method unduly complicated.  In addition, the 

solution of the Poisson's Equation is very difficult, and does not lend 

itself well to fast solution techniques. In order to overcome these 

difficulties, the Los Alamos Group modified the Marker and Cell method, 

making it much simpler to work with. 

The procedure for each computational cycle as outlined by Amsden 
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and Harlow [20] is outlined below: 

1. A tentative field of advanced-time veloci- 

ties is calculated by using an arbitrary pressure 

field within the fluid, but with a pressure boundary 

condition at the free surface satisfying the normal 

stress condition. Correct velocity boundary condi- 

tions assure that this tentative velocity field con- 

tains the correct vorticity at every interior point 

in the fluid. The tentative velocities do not, how- 

ever, have V-u = 0. 

2. The tentative velocities are modified to 

their final values so as to preserve the vorticity at 

every point. A potential function is employed, de- 

termined by the requirement that it convert the ve- 

locity field to one which satisfies the incompress- 

ibility condition everywhere. 

To begin, the basic equations (7), (8), and (1) are rewritten to 

make use of cylindrical coordinates: 

3u  JL 3rau2  t 3uv 
3t  r«  y3r     3z 

3v + _l 3rauv ^ 3v2 

3t  r«  3r 3z 

3^ 
3r 

3i + 
3z 

+ 9 +v —- 
r   9z 

/3u 
I 3z 3r 

gz " W 
_3_ 
3r 

(42) 

- -^r / (43) 

and 

JL 9r u  3v 
ra  3r   3z ~ (44) 

H 
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The velocity components, u and v, are respectively in the r and z 

directions, and the pressure, 4>, is normalized to unit density. Plane 

cartesian coordinates have a=0, and cylindered corrdinates have a= 1. 

Writing the finite difference forms of these quations, specifying 

the advance time velocities with a tilde: 

-n+l      n 
i+l/2,j ~ Ui+l/2,j 

6t 

an       n 
riUi+i/2,j Ui-l/2,j 

an n 
ri+l    Ui+3/2,j    Ui-fl/2,j 

ri+l/26r 

n n n n 
+ 

Ui+l/2,j-l/2    Vi+l/2,j-l/2    "    Ui+l/2,j+l/2    Vi+l/2,j+l/2 
6z 

+ ei1j__ei+iti  + 
6r 

+ v 
n 

6z 

/ n 

2  lUi+l/2,j+l    ui+l/2,j-l 2U1+1/2,^ 

SriSz        i+l,j+l/2 
rn n ■        n ^ 
i+l,j-l/2     "     Vi,j+l/2 Vi,j-l/2' 

(45) 
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-n+l _    n 
Vi>j+l/2 " Vi,2+1/2 _ 

6t 

an n an n 
ri-l/2 Ui-l/2,j-H/2 ^-1/2,1+1/2  " ri+l/2 Ui+l/2,j+l/2 Vi+l/2,j+l/2 

r.6r 
i 

n      n        n      n 
Vi,i+l/2  Vi,j-l/2 " Vi,j+3/2 Vi,j+l/2 

Öz 

, 9i>J - ^3+1 , 
öz 

r.or 
i 

n n 

r"    I  Ui+l/2,j+l " Ui+l/2,j 
i+1/2 V 6z 

n n 
Vi+l,:.+l/2 " Vi,3+1/2 

6r        ' 

n 
u. 

n 
a       "i-l/2,j+l " "1-1/2,1 
i-1/2 K 6z 

and 
n+1 a a 

Dn+1 . ri+1/2 Ui+l/2,j " ri-l/2 Ui-l/2,j 
i»j a. 

i 

n+1      n+1 

+ 
vif3+i/2 : vi,3-1/2 B 0 

6z 

n        n 
^,1+1/2 " ^-1,1+1/2 , 

6r       ' 

n+1 

(46) 

(47) 

The finite difference approximation can now be written for the 

vorticity as: 
n n 

n _ "1+1/2,1+1 ~ Ui+l/2tj 
1+1/2,j+1/2 " 6z 

n n 
Vi+l,j+l/2 " Vi,j+l/2 

or (48) 
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Equations (45) and (46) can be combined to give a vorticity 

transport equation. This equation can be shown to be independent of 

the pressure field, 3. This means that any field of pressure inserted 

into the Navier Stokes equations will assure that the resulting 

velocity field carries the correct vorticity. This velocity field, 

however, does not satisfy the condition that Di,j vanish for each cell. 

It is necessary then to convert the tilde velocities into a final 

velocity field so that Di,j = 0 for every cell. This must be done so 

that the vorticity already determined is preserved. This implies that 

the change in velocity be given by a gradient of a potential function, 

which will be called (3. This can be written 

n+l     -n+i      i 
i+l/2,j " Ui+l/2,j " 67 ( ßi+l,j - ^j > ' 

vn+l    = ~n+l     J^ 
i.3+1/2        i,j+l/2 " öz {  ^j+i " 3ifj 

)   ' 

(49) 

(50) 

Now, with equation (47) and equations (49) and (50), it follows that 

i»j  i,: 
1     *- 

+1/2   ( ^^j - ti,!  ) 

1-1/2   i,j   i-l,j ' 

" V ( Öi,j+l 
+ h,^  -2ßlfj ) (51) 

,n+l _ 
Since it is required that D"^ = 0 for every cell, the value of Ö 

*'■> i,j 

for every cell can be expressed as 
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(1 + a) jh+1 =    - _2_ 
5 : 
r 

h .h+1 
_ Di/j  + 

ri+l/2  ^tlj + r-1/2  ^i-l,] 

- r. 6r 
i 

,h+l 
+   i»j+l +   i>j-ll    „ß"; 

6  2 
z 

h (52) 

Höre, h indicates the iteration number, and a an over-relaxation 

parameter. The iteration sequence proceeds until appropriate convergence 

criteria are satisfied. 

C.   ARBITRARY BOUNDARY MARKER AND CELL TECHNIQUE 

The restriction placed on most finite difference schemes, that the 

boundaries of theproblem must lie on the computational mesh, is most 

severe.  In effect, this means that one must restrict his problem to 

having rectangular walls.  In the particular application of the heart 

valve, it is certainly desirable to have boundaries of any arbitrary 

shape. 

Mr. J.A. Viecelli developed a generalization of the Marker and Cell 

Technique at the Lawrence Radiation Laboratory [21]. Known as the 

Arbitrary Boundary Marker and Cell Technique (ABMAC) it treats the fluid 

boundary at an arbitrarily curved wall or obstacle as a free surface, 

to which a pressure is applied such taht the particles at the boundary 

move tangent to it.  In order to calculate the pressure along the free 

surface, the usual MAC iteration formula is replaced by a simultaneous 

scheme proposed by Chorin [22,23]. 

Using centered differences in a cylindrical coordinate system, 

equation (7) can be written 
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At 
pAr 

- P. 
i+lj        ij 

At 
Az 

vAt 

iz2 

1- i+l/2,j-l/2J       yr (VU)i+l/2,j+l/2  -   (VU^ 

n _ n n 
Ui+l/2,j+l "       i+l/2,j        i+l/2,j-l 

At 

At 
ArAz i+l,j+l/2 

n n +    n 

"  Vi+l,j-l/2  " Vi,j+l/2       Vi,j-l/2 

(53) 

By combining the old velocity, advection, body force, and viscous 

terms, and calling the resultant 1. ,/9 . , equation (53) becomes 

n+1      n 
Ui+l/2,j == ni+l/2,j 

^   TP       .  -P.. 
pAr    I   i+l]        ij 

(54) 

Similarily the finite difference  form of equation   (8) 

n 
n+1 At n 

Vi,j+l/2 " Vi,j+l/2  Az 
2 2 

         P -   P 
pAz ij+1 ij 

r 
At 

r Ar 

.  a    .n .  a    .n 
(rUV)i+l/2,j+l/2  "   (r UV)i-l/2,j+l/2 

- g At 
z 

vAt     / n 

" rVAz   Vi+1/2' 
j+i - ui+i/2,jj r

i+1/2 -k_1/2f j+1 - v1/2/j\ v1/2 

vAt 

r Ar 

n n \    a /  n 
'ij+1/2  ' Vi-1,j+1/2     ri-l/2 "(Vi+l,j+l/2 

n \   a 
Vi,j+1/2 ri+l/2 

can be written as 

n+1 . ^n At 
Vi,j+1/2 * ^i,j+1/2 " pAz ij+1        ij 

(55) 

(56) 
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where     5     4+1/2    rePresents the old velocity,  advection,  body force, 

and viscous terms in the v-momentum equation. 

According to Chorin's derivation,   the pressure and the advanced 

time velocity fields may be solved  for  simultaneously using the 

relationship 

.i+1 i+l 
P:V" = P1.   -  AT ( V'V"'' 

13      13       V        yi3 
(57) 

The iteration scheme is as follows: 

1. Equation (57) is used to compute a new pressure field. 

2. The new pressure field is substituted into equations (54) 

and (56) to obtain the new velocities. 

3. These new velocities are used to compute new values 

of the divergence. 

4. Repeat the above sequence until some convergence 

criteria is reached.  Note that n. , .„ .  and £? . , >„ 
'i+l/2,D      ^i,]+l/2 

need not be recomputed at each interaction. 

In order to maximize the time step, the iterates 

.n+1 
i+1/2 U T-^ur^u) xi+1 Jv*+i v+l andlVi,3-l/2J 

,i+l must be recomputed as soon as P. .  has beer obtained for a cell, and 
11 3 

before advc..ncing to the next cell. 

The pressures in boundary cells must be computed in a slightly 

different manner. Instead of adjusting the pressure proportional to 

the divergence or net flux out of a cell, it is adjusted proportional 

to the flux across the boundary relative to coordinates fixed in the 

boundary.  This means that if liquid is flowing across the boundary the 
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pressure will be increased until the outflow stops.  If liquid is 

tending to separate from the boundary the pressure will decrease until 

the liquid flows tangent to the boundary.  This is accomplished through 

the use of the following equation in boundary cells. 

P. . = P. . 
AT; 

6 / 
V 
n+1 

Vb (r,t) " nV • (58) 

Here n is the normal defining the boundary segment associated with 

the cell (i,j), V (r,t) is the velocity of the midpoint of the segment, 

and (V  )  is the liquid velocity at the midpoint of the segment.  AT 
XT 

and 6 are the relaxation parameter and the mesh width respectively.  The 

inclusion of the velocity of the boundary segment means that the boundary 

not only can assume an arbitrary shape, but can move relative to the 

computing mesh as well. 

The capability of a boundary to assume an arbitrary shape and to 

move within the computing mesh is of great use in the study of blood 

flow problems.  The flexing leaflets of the natural heart valve plus 

the motion of the sinus of Valsalva in the aortic root area are examples 

of needed flow calculations over objects whose boundaries undergo 

large deformations.  In turn, components of heart valve prostheses move 

about in the computing mesh, requiring the same capability in the 

computational technique. 

Consider the computing region shown in Figure 8. Its shape 

corresponds to the in-vitro experimental chamber of Weiting [9]. The 

flow is from the left verticle, through the open valve, into the aorta. 

Since the geometry of the valve is symmetrical about a line drawn 

through its center, we can solve the problem by considering only one 
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AORTA i 

Figure 8 

Mathematical Moüel of Aortic Valve 
l Star-,-Edwards 12-A) 

half of the region.  In Figure 9 the computational mesh has been placed 

over the 

half of the 

computing 

region we 

wish to 

consider, 

and it has 

been placed 

in an r-z 

coordinate 

frame. 

Figure 9 

Because of symmetry, only half 
of the region need be considered. 
This region is placed in an r-z 
coordinate frame and the 
computational mesh is introduced 
The inset shows a portion of the 
boundary cutting through the mesh 

Looking at a portion of the boundary as it cuts through the 

computational mesh, we can visualize the ABMAC technique for describing 

an arbitrary, moving wall.  In Figure 10a the boundary has been 

approximated in each cell by a straight line connecting the intersections 

of the boundary with the cell.  The position of each segment is then 
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specified by a unit vector normal to the segment, with its base located 

at the mid-point of the segment. The convention is that the normal 

points towards the fluid, and to the left as one advances from the i 

st 
to the i+l  boundary point. Also associated with each segment is a 

velocity vector, defining the motion of the wall.  In this study, such 

velocity vectors would result from programming the pulsing motion of 

the walls, and the motion of the ball as a result of pressure changes in 

the system. 

Figure 10a 

Boundary is approximated by 
straight line segments connecting 
the intersections of the cell 
walls with the boundary, unit 
vectors normal to the segment and 
pointing towards the fluid are 
positioned at the midpoint of 
each segment. 

Figure 10b 

When the liquid fraction of a 
cell is too small, the boundary 
flag is turned on in a neighboring 
cell.  If that cell also contains 
a boundary segment, the two 
segments are replaced by one by 
removing the boundary inter- 
section between the two cells. 

Having determined in which cells the boundary lies, the cells are 

appropriately marked. Cells are marked as FULL, EMPTY, or BOUNDARY.  The 

boundary is approximated by flagging a boundary cell as such, only if 
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the liquid fraction of the total cell is greater than a specified fraction, 

as shown in Figure 10a. If the liquid fraction is too small, the program 

determines the neighboring cell that the boundary segment normal points 

closest to, and turn on the flag for that cell.  If that cell also 

contains a boundary segment, the two segments are replaced by a single 

segment, constructed by removing the boundary intersection between the 

two cells. This is illustrated in Figure 10b. 

Finally, marker particles are introduced to visualize the fluid 

within the region.  Figure 11 is an actual computer generated picture of 

the completely described computing region. 

Figure 11 

Completely Described Computing Region 
Including Marker Particles 
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CHAPTER FIVE 

INTERACTIVE COMPUTER GRAPHICS 

The cathode ray tube display was used as a computer output device 

as early as 1956.    The early Whirlwind computer at MIT used CRT displays 

to plot curves and graphs. However, the first significant use of a CRT 

display as an interactive device was demonstrated by Sutherland with 

his Sketchpad program [24].  Sketchpad exhibited the two basic functions 

of an interactive display device.  First, it was used as an input/output 

device that could accept or display data in pictorial form.  Second, 

it could be used to control the sequence of the program.  Since this 

demonstration of interactive computer graphics, it has been found to 

be a valuable tool in many programming areas. Text editing [25], 

conversational mathematics programs [26] , circuit design [27], 

mechanical design [28], and structural analysis [29], are some of the 

areas in which interactive computer graphics has been found to be 

useful. 

Because fluid dynamics problems are extraordinarily complex, they 

tend to absorb the computational power of available computing systems. 

A single solution may consume several hours of CPU time on the most 

powerful of today's machines. As advances are being made in numerical 

methods, and in the understanding of the equations of fluid dynamics, 

concurrent investigations must be made in developing newer and faster 

computing techniques. The computer user needs to think of todays 

computer as more than just a very big, very fast calculator.  There are 

many ways in which these machines can be used to create an effective 
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problem solving system. One such way is the addition of interactive 

computer graphics. 

The role that interactive graphics can be expected to play in the 

study of fluid dynamics should be carefully evaluated before a large 

scale commitment to computer graphics is made. One area for consideration 

is the application of computer graphics to the display and interpretation 

of results. Digital plotters have been around for many, many years, 

helping computer users visualize their results. A picture may be worth 

a thousand words, but in the case of computer generated data, a graph 

or a plot may be worth over a thousand numbers. When working with a 

real world physical problem, the computer user wants to see a real 

world representation of his solution. He wants to see a picture, not 

rows and rows of numbers. 

A system where this kind of graphics is used interactively has 

been proposed by Fromm and Schreiber [30]. Their approach has been 

to have the program which computed the solution to the fluid problem 

write a data set out onto a direct access storage device. Another 

program, running interactively can then read the data, and under user 

control provide a variety of interpretations of the data. A diagram 

of this scheme is shown in Figure 12. 

Especially applicable to Marker and Cell type techniques is the 

making of motion pictures of the fluid simulations. A number of films 

have been made [31,32] showing the power of su h techniques. As the 

marker particles are moved in each computational step, they are 

plotted and photographed. The resulting sequence provides a most 

graphic display of the fluid motion. 
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Figure 12 

Graphic Analysis Program 
(Fromm and Schreiber) 

Another area in which it seems that graphics can easily be applied 

is the description and input of the problem to the computer. Still 

bound to ideas associated with batch processing, most problems are 

carefully drawn out by hand, measured and detailed and the resulting 

data punched into cards.  It would seem much I »tter to present the 

computer the data in a more natural way, where the user could sit down 

at an interactive graphics terminal, and draw the region in which a 

solution would be of interest, specifying the various parameters as 

the program requested them.  In methods such as ABMAC where the 

specification of boundary segments and the correct flagging of 

computational cells is critical, the ability to quickly see the results 

of the input andspecify the appropriate changes would seem to be very 

desireable. 

A third area worthy of attention is that of graphically monitoring 

and interacting with the executing fluid computation. Although this 
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idea has been considered by previous investigators [33,34], it was not 

developed to its full potential. The basic idea is very simple.  In 

any complex numerical problem there are several factors which can 

affect the solution to that problem,  m a finite difference problem, 

these typically are the mesh size, the time step, and the relaxation 

factor, other factors which may be of importance are the convergence 

criteria, the differencing technique, and the proper use of boundary 

conditions. 

In working with problems in fluid dynamics, it becomes very 

apparent that no two problems are alike.  Given the same initial 

conditions, the same boundary conditions, but changing the geometry 

of the problem even slightly, may mean that a whole new set of convergence 

criteria may be necessary to solve the problem. Perhaps one problem 

converges very quickly but one diverges unless a different time step is 

used.  Each problem must be considered as a separate entity.  Certainly 

dumps of pertinent numbers can lead the user to the correct choice of 

conditions to allow him to reach the correct soluLlon. The question is 

how can this process of getting into the solution space of the problem 

be made more efficient. The obvious choice seems to be interactive 

computer graphics. 

The interactive computer graphics facilities at the University of 

Utah consist of a PDP-10 time shared computer running under Tenex, a 

PDP-9 computer, four Univac 1559 CRT displays, and the associated 

hardware interfaces. Figure 13 shows the basic configuration of the 

system. 
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POP-10 
I/O 

Bus 
DA-10 
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PDP-9 

D 
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TELETYPE 

UNIVAC 1559 

Figure 13 

Configuration of Interactive Graphic System 
at the University of Utah 

The PDP-10 is a 36 bit machine.  It has sixteen high speed 

integrated circuit registers which can be used as accumulators, 

normal memory, and/or index registers.  The memory bus structure of 

the PDP-10 gives the central processor and high speed data channels 

simultaneous access to separate memory modules.  The bus system allows 

each data channel to transmit full 36 bit words at speeds of up to 

one million words per second. 

In conversational time sharing, up to 63 users at local and 

remote locations can simultaneously develop programs on remote 

consoles, and receive answers to mathematical or engineering problems 

in seconds.  The time sharing monitor provides instantaneous response 

for the users, so that they can perform on-line composition, editing, 

and debugging of programs in FORTRAN IV, MACRO-10, BASIC, and AID. 

The monitor can handle any mixture of these languages and programs 

concurrently. 
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The PDP-10 at the University of Utah is configured with 96,000 

words of core storage, 8 dec-tape drives, and 6 disk pack drives.  Each 

disk pack is capable of holding over 5 million words of information. 

Attached to the PDP-10 through the DA-10, a communications device, 

is the PDP-9.  The PDP-9 is a single address, fixed word lenglh (18 

bits), binary computer.  The configuration here has 8,192 words of 

memory. The function of the PDP-9 is to act as a satellite computer to 

the PDP-10.  It processes interrupts from the displays gathers data 

to be sent to the PDP-10, and acts as a multiplexor for display infor- 

mation coming from the PDP-10.    , 

The Univac 1559 is a high speed, buffered, line drawing display 

which was designed as a cooperative exercise between the University 

of Utah's Computer Science Department, and the Univac Division of 

Sperry Rand Corporation. The Screen of the 1559 has a useful viewing 

area of 10" by 10".  Positions on the screen are specified in cartesian 

coordinates, in which the origin is placed at the bottom left hand 

corner of the screen.  The top right hand corner is the point (1024, 

1024). 

Display files are held in the displays own memory, a 4096 by 16 

bit core memory with a cycle time of 1.4 microseconds.  The 1559 has 

its own program counter, called the list counter, which is used to 

access sequential display instructions. 

All lines are drawn on the screen in a relative mode, i.e., they 

are defined by their length in the two axis directions, and are drawn 

from the position currently defined in the X and Y registers. The time 

taken to display a normal vector is 2 microseconds. Beam repositioning 

takes 32 microseconds or less, depending upon the distance involved. 

iMMtlMinni ■II,-^-^--—-^ - - ---~. unnir-nrifiilMi^-'—'^—■-^•"-■-- ..^^^^^^„^^^j. 



pWMMMW'WWJIiSIJpi^ 

44 

Associated with each display is a mouse, and a teletype. The 

mouse is a graphical input device, consisting of a small plastic box 

in whose base two potentiometers are mounted.  The mouse rests on two 

metal wheels, whose axes are horizontal and at right angles to each 

other. Each wheel is connected to one potentiometer. As the mouse is 

rolled around on a flat surface, its movement in two orthogonal 

directions is recorded by the rotation of the potentiometers. This 

can be determined by applying a voltage across each potentiometer and 

sampling the outputs through analog-to-digital converters. Push buctons 

on the mouse give the user the ability to issue commands from the 

mouse under program control. 
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CHAPTER SIX 

GRAPHICS INTERACTION FOR THE ABMAC PROCEDURE 

iS 

r v 

i. ^ 

Regardless of how sophisticated the application may be, if the 

graphics and interaction code are poorly handled it is difficult to 

justify their use.  Whatever advantage may be gained through the 

addition of interactive graphics can be completely offset because of 

poor program design.  In the kind of application be7.ng considered here, 

there are two glaring problems which must be considered.  First, any 

problem involving finite differences is typically very large.  In a 

time sharing environment such as the one being used here, any increase 

in core size becomes critical to the effective running of the machine. 

Second, fluid computations absorb a great deal of computing time. A 

solution may take more than 30 hours of computing time to complete. 

For this reason, the time required for interaction and graphics should 

not interfere a great deal with the actual computation time. 

Work done by Carter [33] and Bennion [34] here at the University 

of Utah is typical of the approach which has been used in implementing 

interactive graphics in a large scale numerical application.  Figure 14 

illustrates the way in which this approach imbeds the interactive and 

graphics code within the computational program.  This implies several 

drawbacks in light of the problems under consideration. 

First, at each point in the computational program where one of 

these imbedded pieces of interactive graphics occurs, there must exist 

a sequence of code represented by the flow chart in Figure 15. This 

adds a certain amount of program space to the already large finite 
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Figure 14 

Schematic of Imbedded Interactive Graphics Code 

difference code, and requires the program process this overhead each 

time that it is encountered.  Suppose that some code of this nature 

was placed in an iterative loop, and that that loop was iterated 

through a hundred times per time cycle. That would represent a large 

amount of overhead ina program where computing time was already 

critical. 

Second, consider what takes place when a display is required. 

Since dynamic events are being modelled, each time an additional piece 

of information is required to be displayed, a piece of code is needed 

to describe that display. This means that there will be an additional 

amount of program which will be proportional to the complexity of the 

display both in terms of space and the time needed to execute it. As 

the number and complexity of displays increases, the size of the 
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program grows, and the time required to display is taken from the total 

computation time. 

CREATE THE 
DISPLAY AND 
SEND TO THE 
DISPLAY DEVICE 

Figure 15 

Flow Chart for Imbedded Interactive Graphics 

Third, consider what occurs when some user interaction is required. 

Whenever the program expects a response from the user, it must stop 

and wait for that response. When the response is received, the program 

must make some decision or perform some branching based on the response. 

Again, what this means is that the more often interaction takes place, 

the more code the program needs, and the more time the program loses to 

computation. 
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The proposed solution to these problems is simple;   remove the 

interactive graphics  from the program.    At  first this may appear to be 

a contradictory statement.     How can an interactive graphics system be 

written for solving a problem,  when the computational program has no 

interactive graphics.     By splitting up the program as  shown  in Figure 

16  ,  the  solution becomes easy. 

INTERACTIVE   GRAPHICS 
PROGRAM FOR PROBLEM 
DESCRIPTION 

COMPUTATIONAL 
PROGRAM ANALYSIS 

PROGRAM 

INTERACTIVE GRAPHICS 
PROGRAM FOR DISPLAY 
OF RESULTS 

DISK 
FILES 

Figure 16 

Formation of Supplemental Programs 

This system allows the investigator a great deal of freedom in 

describing his problem to the computer. His input is not bound to 

certain fields on punched cards, but can be more naturally input as he 

manipulates figures on the face of the CRT.  In this type of environment 

he can alter the problem description and have immediate visual feedback 
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of the changes he makes, and computation need not proceed until he is 

satisfied with the problem he has described. A term that is often 

heard in the computer community is "structured programming" [35]. 

In large software systems such as assemblers, compilers and operating 

systems, people try to structure their programs in a nice way. However, 

in the scientific world, it seems that this idea is often neglected. 

In the system under consideration, it seemed that a very highly 

structured program was a necessity. First, it is desirable to keep 

the computational routines and the display routines completely 

separate, and yet they must be able to communicate with each other very 

freely. Also, the graphics routines themselves must be structured in 

such a way as to allow the user the greatest possible degree of flex- 

ibility, and yet be simple to understand and use. These considerations 

pointed to the necessity of a modular program for implementing a 

graphical ABMAC technique. 

In quantizing the program, it seemed appropriate to study the 

nature of the problem which it was intended to solve.  Basically, the 

solution consists of three components; describing the problem, solving 

the problem, and displaying the solution. This is illustrated in 

Figure 17. 

Figure 17 

Basic Components of a Graphical ABMAC Program 
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A.   DESCRIBING THE PROBLEM 

The problem description can be broken down into four different 

components; setting the initial values of computational parameters, 

describing the computational grid, describing the geometry of the 

problem, and describing initial and boundary conditions of the fluid. 

These steps are shown in Figure 18. 

DESCRIBE 
THE 
FLUID 

Figure 18 

Components of Problem Description 

Each of these components can be broken down even further into 

functional groups.  It is at this level that the program was structured. 

For example, consider the mesh description. This requires four 

functional groups: a main or controlling program, a program to handle 

communications with the user through the teletype, a display program 

to give visual verification of entered values, and a routine to computer 

various scale factors and constants for later use. The actual grid 

is displayed in another set of programs. 

• 
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Q CONTROL 
PROGRAM 

/   DISPLAY  A 
^PROGRAM   J 

Figure 19 

Components of Mesh Description 

The entire system then takes on a tree-like structure.     Putting 

the pieces together as described above gives the structure of Figure  20, 

/-   DESCRIBE \  ^ DESCRIBE \    ^DESCRIBE \ 
(^ THE MESH J^^f^J    I    M>    J 

r CONTROL 
^   PROGRAM 

DISPLAY 
PROGRAM ) 

Figure 20 

Tree Structure of Graphic ABMAC Components 
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This kind of structure makes the code simple, easy to understand, and 

interactive to a high degree. The following section will point out some 

of these ideas, as the basic components of the program are discussed 

in detail. 

The Main Program 

The main program in the input routines simply allows the user to 

choose the type of input he wants to use. After initializing the 

display system, the main program produced the display shown in Figure 21. 

By pointing to one of the boxes shown, the 

appropriate input program is called.  "TTY" 

and "DSK" allow the user to input all of 

his data from the teletype or from a 

previously constructed disk file. If he 

points to "TERMINAL", the graphical input 

program is called and executed. 

IWUI CHOtl: 

lEWINAL 

Figure 21 

Initial Graphic ABMAC Display 
for Choosing Input Device 

The mput Module 

This module is the actual driving module for the input programs. 

It gives the user complete control of the input for his particular 

problem. In order to provide the user with some guide for constructing 

his problem description, the input module produces the display shown in 
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Figure 22. This display lists the various functions performed in a 

typical problem description. The user steps through this list by 

pointing to the function which he wishes    

to perform next. As he points to an item 

he pushes one of the switches on the 

mouse.  This indicates to the program 

which function is desired.  That program 

module is then called to be executed. 

When it is finished control returns 

to the input module. The basic 

structure of the input module is this: 

FLUID 

CONVtRCtNCE 

CRI1ERI» 

EXIT 

Figure 22 

Computer Display for Graphic 
ABMAC Problem Description 

1 CALL INPUT1 
CALL WMOUSE 
INY=(INY+128)/128 
GO TO (2,3,4,5,6,7,8)INY 
CALL CHECK 

2 CALL OUT? 
CALL EXIT 

3 CALL MOD 
GO TO 1 

4 CALL CNTRL 
GO TO 1 

5 CALL CONVG 
GO TO 1 

6 CALL FLUID 
GO TO 1 

7 CALL FIGURE 
GO TO 1 

8 CALL MESH 
GO TO 1 
END 
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INPUT1 is the program which creates the display of Figure 20. WMOUSE 

is a program which halts the computer until one of the mouse switches 

is pushed.  It then returns the coordinates of the mouse cursor in the 

variables INX and INY. This is how the mouse is used in pointing to 

objects on the display screen.  By performing a transformation on INY 

and using a computed GO TO statement, the input module calls the 

appropriate subroutine. As each subroutine returns, a GO TO 1 is 

encountered which creates the list of functions again and waits for the 

next user response. 

The light buttons produced by INPUT1 are created in a program called 

BOXES.  The number of boxes desired is passed as an argument to the 

subroutine.  It computes the correct starting position for each box, 

and then calls another subroutine named BOX which draws the actual 

box in that location. 

The Mesh Description Module 

This module allows the user to specify the computational mesh 

upon which he wishes to solve his problem. The way in which this is 

done illustrates another unique feature based on the structuring of 

the program.  It is desireable to ask the user to input all of the 

required parameters, so that none are forgotten. Once this is done the 

program should allow him to selectively change any of the input values. 

This is accomplished using a driving routine for this module which 

looks like this: 
DO 1 1=1,5 

1   CALL MESHl(I) 
CALL WMOUSE 
INY=(INY+128)/128 
IF(INY.GE.6)RETURN 
CALL MESHl(INY) 
END 
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and MESH1 looks like this: 

SUBROUTINE MESH1(J) 
GO TO (4,6,8,13,15) ,J 

4 TYPE 5 
5 FORMAT(1H ,,DR=,,$) 

ACCEPT 3, DR 
3 FORMAT(F) 

GO TO 18 
6 TYPE 7 

18   CALL MESH2 
CALL SEND 
RETURN 
END 

As the module executes, the following sequence of events occurs. 

MESH1 is called 5 times, each time with a different argument.  This 

argument determines which of the parameters is to be requested from 

the teletype when the value is typed in. Control is then passed to 

MESH2.  MESH2 puts up the display shown in Figure 23. Each time the 

display is produced, it shows the most recent values of the input 

mesh parameters. 

Having gone through all of the mesh parameters in the DO LOOP, 

the driving routine calls WMOUSE in the 

same manner as in the control module. 

This way the user can point to a value 

he wants changed, and push the mouse 

switch.  This calls MESH1 with the 

appropriate argument to change that 

value.  If he points to the top box, 

control returns to the input module. 

Figure  23 

RETURN 

NO. Of CELLS 

IN Z = 8? 

NO. Of CELLS 

INB' 18 

m*».zm 

Computer Display for Graphic 
ABMAC Mesh Description 
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Figure Description Module 

The purpose of this module is to allow the user to Input the 

geometry of his problem in a natural way.  Initially the module 

creates the display shown in Figure 24. 

Pointing to INFLOW directs the 

program to accept the inflow boundary 

conditions of the problem.  Pointing 

to BOUNDARIES directs the program to 

accept the geometry of the problem. 

A program called FIG3 controls the 

input on the geometry.  Its first 

task is to create the display shown 

in Figure 25. This is a display of 

the computational mesh previously 

described. The coordinate axe?, the number of cells in the mesh, Dr, 

and DZ are also displayed.  The program is capable of accepting the 

input describing the figure either from the teletype or the mouse. As 

aach point is entered, an arrow head is created and displayed, showing 

the location of the point.  A completely described digure is shown in 

Figure 26. At the conclusion of executing this module, the completed 

figure is created and displayed without the mesh, as shown in Figure 

27.  This figure is seen to be equivalent to half of the region of 

interest shown in Figure 8.  Because of symmetry only half of the region 

need be considered.  If the display produces a satisfactory drawing, 

control returns to the input module. 

Figure 24 

Computer Display for Graphic 
ABMAC Figure Description 
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»    „        CSH IS   18 Br   K CELLS 
I»;.»«. DZ=.2ta 

Figure 25 
Computer Display of Computational Mesh 

ICSH IS    18 BY   82 CELLS 
ou.aM. DZ° an 

Figure 26 

Computer Display of Computational 
Mesh Showing Points Input to 
Describe the Curved Boundary 

Figure  27 

Computer Display of Final 
Figure Description 
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The Fluid Description Module 

This module accepts the initial 

conditions which are to be imposed on 

the fluid. Using the display shown 

in Figure 28, the fluid description 

module operates in the same manner 

as the mesh description module. The 

variables input here include MU; the 

kinematic viscosity of the fluid, 

RHOA; the denisty of the fluid, NP, 

the density of the marker particles, 

V, NOT; the initial V-velocity, and 

U-NOT; the initial U-velocity. 

i*i=».mi2m 

»«IICLt DCNSIIT 

RETURN 

Figure 28 

Computer Display for Graphic 
ABMAC Fluid Description 

The Initialization Module 

This module has been split into two different parts. The first 

handles the input of the problem 

parameters effecting convergence. 

The list of parameters is shown in 

Figure 29.  DT is the time step, EPS1 

is the convergence epsilon, and BETA 

is the relaxation constant.  Input of 

these numbers is done just as in the 

mesh description module. 

Figure 29 

Computer Display for Initializing 
Convergence Parameters 
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The second portion of this module 

handles the input of those parameters 

effecting program control. These are 

shown in Figure 30. NDUMP is the number 

of cycles between creations of saved 

core images, NPIT is the number of pressure 

iterations allows per cycle, NSTOP is the 

number of cycles to be run, and NEDIT is 

the number of cycles between EDITS.  FNAME 

is the name of the file to be created with 

the output of this program, and description 

is a short description of the program 

which has been described.  Input is done 

in the same way as above. 

NSI0P=5»« 

Figure 30 

Computer Display for Initializing 
Control Parameters 

When the EXIT function is requested, the input program calls upon 

two remaining subroutines. Although they serve important functions, 

they were not included as separate modules. The first of these is the 

CHECK routine. This produces the display shown in Figure 31.  This is 

a complete description of the input problem. The mirror image of the 

description is rpoduced across the Z-AXIS, and the dimensions are 

labeled. Also shown are the initial and input velocities, and the 

text describing the problem.  If this description is what the user 

wants, he pushes the switch on the MOUSE, and the various parameters 

describing the problem are written out onto a disk file. This is done 

- 
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using the subroutine OUTP. This routine organizes the data and writes 

it out in the torm evpected by the ABMAC routines. 

?I«m-tDWAR0S BALL VAlVf... 

^ 

J 
FLOW CK 

y-IN=   -T.tt   V-N0I= -111 

U-IN=     B.M   U-N0T=     i.l 

Figure 31 

Computer Display of Complete Problem Description 

B.   SOLUTION OF THE PROBLEM 

The use of interactive graphics in numerical problems was briefly 

discussed in the previous chapter.  One area under consideration was 

the use of interactive computer graphics to monitor and interact with 

the computational program. The computational code in this program is 

based on Viecelli's ABMAC technique.  Typical of finite difference 

methods, it is very large. The addition of an arbitrarily shaped 

boundary adds even more complexity to the program.  If the design 

goals of an efficient program are to be met, this program cannot contain 

any code to do interactive graphics.  It is still possible however, co 

graphically monitor and interact with the computational program. 
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The structure of the TENEX system on the PDP-10 allows two jobs 

to simultaneously share core. Using this facility, a program can be 

constructed which "SPIES" on the computational program, and visually 

displays what the computation is doing.  This method of applying' 

interactive graphics has the following advantages: 

1. The spy program is completely independent 

of the computational program.  Small and 

compact, it adds no apparent load to the 

overall computer system. 

2. The computational program, running independ- 

ently of the spy program can run completely 

in the background, being detached from any 

1/0 device. 

3. The Spy program need only be run when desired. 

Its presence puts no additional load on the 

computation program. 

4. The computation program has none of the 

overhead normally associated with graphics 

or interaction. 

5. Since the data space of the computational 

program is available to the spy program, 

parameters effecting convergence or program 

control can be changed from the spy program. 

The mechanics of core sharing are straightforward.  During the 

initialization process in the computational program, the user has the 

option of requesting that a shareable file be created. At this point. 
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a file is created, and opened. Then pages from the fork containing the 

computation program are mapped into the file. The computational program 

is now free to run uninterrupted. 

Whenever it is desired to examine the state of the computational 

program, the spy program is run. The spy program immediately maps 

into its own fork (or processing space) pages from the fil« created by 

the computational program. Whatever pages have been mapped in this 

way are actually now being shared by the two programs. This is 

illustrated in Figure 32. 

SPY 
PROGRAM. 

I 
.DAT 

^ 

CRT 
DISPLAY 

COMPUTATIONAL 
PROGRAM 

Figure 32 

Block Diagram of Core-Sharing Used 
to Achieve Interactive Graphics 

The spy program then creates the display shown in Figure 33. This 

display presents to the user important information about the state of 

the computation. In the center of the display are shown the cycle number 

and the iteration number in that cycle. The display is dynamic in the 

sense that these numbers constantly change to reflect the current state 

of the computation. 
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EPs^t.mit 
CYCLE   279      -3 
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NWDIVEMtNCC 
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Figure 33 

Computer Display of Current State of ABMAC 
Computation as Produced by Spy Program 

In the upper left hand corner of the display are shown the maximum 

changes in the velocity components as measured during the current 

iteration.  As the problem converges, these values will approach zero. 

In order to give additional meaning to the changes in velocity, the 

maximum values of the velocity components as well as of the pressure 

are displayed for the current cycle. 

On the right hand side of the display are shown plots of the 

divergence and the error term for the pressure iteration. Bars are 

added to this ploc at each iteration, so that the convergence or 

divergence of the iteration sequence can be monitored. The divergence 

is given in equation (1). As is shown, it is required that the 

divergence be equal to zero.  In terms of the finite differences, this 

will never exactly be true. However, it should approach zero.  The 

error term in the pressure iteration is 
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where 

and 

ERROR:       PNORM/^NORM, 

PNORM = Z  P" 

ENORM = E AP, 

(59) 

(60) 

(61) 

The spy program is constructed so that it sleeps as long as there 

is nothing new to display, when a change occurs, it wakes up, makes 

the appropriate changes or additions to the display, and returns to 

a sleep state. 

Along the left hand side of the display are five light buttons. 

The first four of these are parameters which affect the convergence of 

the program. By pointing at any one of these with the mouse, it is 

possible to change the value of that parameter in the computational 

program. EPS is the convergence epsilon, BETA is the relaxation 

constant, NPIT is the maximum number of allowable pressure iterations 

per cycle, and DT is the time step. The bottom light button, marked 

SELECT, gives the user some control over the course of the computation. 

Pointing at the SELECT light button results in the display shown 

in Figure 34.        . 

r 

SI» 

Figure 34 

Computer Display of Spy Program Options 
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This display gives the user five options from which to choose. By 

pointing the mouse at one of the light buttons, flags are set in the 

computational program which set into motion the appropriate action. 

STOP sets a flag which causes the computational program to stop at the 

end of the current cycle. Before stopping, it will create a data file 

and a core image of itself. CYCLE sets a flag which causes the current 

iteration sequence to stop, and a new cycle to be started. PRINT 

causes a data file to be constructed at the end of the current cycle. 

DUMP causes tbj program to create a file which is a core image of itself. 

This file can be used as a starting place for continuing the program. 

EXIT halts the SPY PROGRAM without affecting the computational program. 

These few capabilities provide all of the necessary interaction 

for this kind of a problem, and because of the way in which they are 

implemented, the computation procedure does not suffer from the problems 

associated with interactive graphics. 

C.   DISPLAYING THE SOLUTION 

Using the computer to produce graphical images of a solution has 

become a well understood idea. Digital plotters, microfilm plotters, 

and CRT displays have given the computer user an important tool to help 

him solve his problems. Working with a visual representation of his 

solution he can gain valuable insight into his problem. 

The program for displaying the solutions has three basic functions. 

The first is to read in the data from the disk files. Two files are 

tequired for displaying solutions.  Th- first file which is needed is 

the file containing the problem description.  This is used in drawing 

the curved boundaries for plotting solutions.  The second file is the 

■ 
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data from the computational program.  It should be noted here that all 

of the filenames are handled internally by the various programs. A 

master file name is all that is required in order for any program to 

get the required file from the disk. 

The second function of the program is to compute the A matrix, 

the BNDRY matrix, and the SI matrix.  The A matrix and the BNDRY 

matrix are matrices which are used in the countour plotting program. 

This program plots contours inside of arbitrarily shaped boundaries. 

The A matrix and the BNDRY matrix are used in specifying the boundary 

to the contour program. 

The third function of the program is to produce displays of the 

solution space. Control over this function is similar in nature to the 

control of the input program, using the mouse and a computed GO TO 

statement to govern the branching. The display of figure 35 is drawn 

by the subroutine CNTRLl. These light buttons indicate the available 

functions for displaying the solutions to the problem. By pointing at 

one of these light buttons with the 

mouse, the appropriate type of 

solution will be displayed on the 

screen. Although the option for 

producing an isometric plot is 

shown, and a program for doing so 

i-a .-«vrtt irtt'lr , Uvhnuwl considerations 

made it impossible to include 

isometric plots of solutions in this 

report. Figure 35 

Computer Display of Output 
Functions. 

ISOCIRIC PLOT 

VELOCIIY 

PMflLtS 

CONTOUR PLOT 
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Velocity Profiles 

Velocity profiles can be drawn for any specified axial position. 

Initially the display shown in Figure 36 is drawn on the screen. 

AXIM. P05III0« 

I 
I 
Y 

c    >• 
N / 

RADIAL POSIIION (*) 

Figure  36 

CLtAl! 

REIURN 

Computer Display of Basic Plot 
For Velocity Vector Display 

The horizontal ar/J vertical axes are the radial position in millimeters, 

and the axial velocity in centimeters per second, respectively.  On the 

right side of the screen are three light buttons. CLEAR causes the 

entire display to be erased, and the display of Figure 36 redrawn. 

OVERLAY allows more than one velocity profile to be displayed at the 

same time.  RETURN returns control to the control portion of the main 

program.  At the top of the display is a scaled down drawing of the 

geometry of the problem. As each velocity profile is drawn on the 

-    -—  ----      
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display, a small arrow head indicates the axial position of that profile 

by pointing to the appropriate position on the scaled drawing. The 

display in figure 37 contains one velocity profile at the axial position 

Ck 
»KIM posniofi 

CLt« 

-IB. ». 16. 

RAOIM. fOSIIION (W) 

Figure 37 

RCTIW 

Computer Display of a Typical 
Velocity Profile 

shown. All of the programs in this section were written to serve one 

purpose.  That is to give the user a quick look into the solution of 

his problem.  Because of this, they do not contain a lot of code 

required to produce "beautiful" pictures.  For example, in the velocity 

profiles as displayed above, no data smoothing has been attempted.  The 

plot shown merely connects existing data points.  The display shown in 

Figure 38 illustrates the ability to produce a series of velocity 

profiles in the same display.  This type of display is meaningful in 
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that it shows the development of the flow as it proceeds down the length 

of the tube. 

o, 

CLtAS 

RACIAL POSITION tW) 

Figure  38 

RtlUW 

Computer Display of a Series 
of Velocity Profiles 

Contour Plots 

The initial display of the contour plotting program is shown in 

Figure 39.  The user points the mouse at the light buttons on the 

right side of the display in order to choose the variables which he 

wants contoured. After doing this, he uses the mouse to outline the 

region he is interested in seeing onthe figure to the left of the 

light buttons.  This allows him to "zoom in" on areas of particular 

interest. As the region of interest is narrowed down, the number of 

contour levels can be increased so that more detail is visible.  Figures 

40, 41, and 42 illustrate this effect on a contour plot of the stream 

function. 
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SIKAH 
riKTIIM 

PBTSSIK 

i>-va«in 

v-va«iir 

Figure 39 

Initial Display for Contour Plotting 

Figure 40 

Computer Display of Stream Function 
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Figure 41 

Computer Display of Same Stream 
Function under a Different Window 

Figure 42 

Computer Display of Same Stream Function 
Under an Even Smaller Window, Illustrating the Zoom Effect 
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This zoom effect is done with a graphic technique known as 

"windowing." Windowing is the process of defining a region of interest 

and mapping it onto a particular area of the display screen. This 

technique is illustrated in Figure 43. 

VIEWPORT 

Figure 43 

Mapping Function Performed by Windowing 

If WCX and WCY are the coordinates in the coordinate system of the 

problem, of the center of the window, and WS is the measure from the 

center to one side, then the equations for the windowing transformation 

are 

and 

x  =im(1 + x=wcx) , 
vp    2  v     WS     ' 

y   = ■L023 Q + Y-WCY 
vp    2   V     WS 

(62) 

(63) 
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where the viewport is the entire face of the display screen.  Also 

involved in producing this effect is a process known as "clipping." 

Clipping involves removing the lines outside of the region of interest 

from the display.  In Figure 43, all of the points in the coordinate 

space undergo the transformations of equations (62) and (63).  This 

means that the display will try to produce lines outs:Je of its 

1024 x 1024 addressable space. On the 1559, this produces only a maze 

of tangled lines crisscrossing the screen.  The only way to display the 

picture then is to remove those lines not actually within the specified 

region of interest. 

Figure 44 is a contour plot of the v-velocity component, and 

Figure 45 is a plot of the n-velocity component.  In Figure 46, we 

have zoomed in slightly, and specified more contour levels, illustating 

the capability of producing more detail when it is required. Figure 

47 is a contour o£ the pressure field. 

Figure 44 

Contour Plot of V-Velocity 
Component 
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Figure 45 

Contour Plot of U-Velocity 
Component 

Figure 46 

Contour Plot of U-Velocity Component 
With More Contour Levels Specified 
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Figure 47 

Contour Plot of Pressure 

Velocity Vectors 

Velocicy vectors are produced by means of the subroutine WECT. 

This program blanks out areas where the velocity is too small to produce 

a vector, so that some areas in the display will in fact appear blank. 

Figures 48 and 49 are displays of velocity vectors. 

:: --=&U 

Figure 48 

Computer Display of Velocity Vectors 
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I, 

Figure 49 

Same Display as Figure 48 
With a Smaller Window 

In the interactive graphics environment described in this chapter, the 

computer user can sit down at a conveniently placed graphics terminal. 

On the graphics display he can have his data presented in its natural 

form for both input and output.  Decisions can be made at the display 

allowing several separate trials at a single session.  Yet, this has 

been implemented with no appreciable load on the computer due to the 

addition of the interactive graphics. 
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CHAPTER SEVEN 

RESULTS 

A.   NUMERICAL RESULTS 

Several attempts were made in computing the flow about a ball 

type valve. The ABMAC technique as outlined in Chapter Four relies 

upon the assumption that a free-slip boundary condition exists at the 

arbitrarily shaped walls of the boundary and of the obstacle. As has 

been pointed out, in ABMAC the^'. curved walls are treated as a free 

surface.  In these surface cells, the pressure is computed according 

to the equation 

<i-t1-T"0 -v^"--1 
(64) 

k,l . 

^7 

Here n is the unit normal defining the boundary segment associated 

with cell (k,l), (V  (r't))k ■, is the velocity of the midpoint of the 

segment, and V    is the liquid velocity at the midpoint of the 

segment. According to this equation, the pressure is not adjusted 

proportional to the divergence of the cell, but rather proportional to 

the flux across the boundary.  This certainly represents a free-slip 

boundary condition.  There can be no flow across the boundary wall, 

instead the fluid flow is forced to be tangential to the boundary. 

The velocity vectors in Figure 50 illustrate this effect. Note 

that there are velocity vectors right on the surface of the ball.  As 

a result of this, the velocity directly behind the ball does not drop 

off as expected. However, a strange side effect is shown in Figure 51. 

m \ Mm   ■ — — --  
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In this display, note how the velocities far downstream react. They 

actually approach zero at the center of the tube. 

Figure 50 

Computer Display of Velocity Vectors on 
Ball with Free-Slip Boundary Condition 

Figure 51 

Computer Display of Downstream Anomoly 
in Velocity Vectors with Free-Slip Boundary Condition 
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In order to pursue a more realistic solution, the case where the 

boundary is no-slip must be considered. By a no-slip boundary, we mean 

one on which both the normal and tangential velocity components are 

zero. 

In the original MAC Technique, a no-slip boundary is specified 

as follows: 

OUTSIDE   WALL FLUID 

Vj-l,jfl/2 

Vi-l,j-l/2 
—•  

Vi,j+l/2 

UH/2,j 
Ui + l/2,j 

Vi.j-I/^ 
-—•  

I 
i 
i 
i 
I 

i-l 

Figure 52 

Specification of MAC No-Slip Boundary 

"1-1/2,:) = 0 

Vi-l,j+l/2       'Vi,j+l/2 

Vi-l,j-l/2       "Vi,j-l/2 

(65) 

(66) 

(67) 

This scheme assumes that the wall is coincident with some part of the 

computing mesh.  If, however, the wall is represented by an arbitrary 
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segment cutting through the cell, it should still be possible to 

specify the across-the-wall velocities such that a no-slip boundary 

condition exists. 

There appear to be two classes of boundary configurations that 

need to be considered.  The first, represented in Figure 53, contains 

those instances where there is an eiroty cell only on one side of the 

cell containing the wall segment 

Vi+lfj*|/2 

 FLUID j 
Ui-l/2,j 

VMJ-l/2 

Figure 53 

ABMAC Cell with Only One Empty Cell Bordering 
the Cell Containing the Boundary Segment 

In this class of cells, the velocities V. . ,,„. V    , , and 
1,3+1/2'     i,j-l/2' 

u
i_1/2 i need to be comPuted such that a linear interpolation across 

the boundary will yield zero velocity components on the wall.  In 

order to compute the required velocities, a linear interpolation is 
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used in the direction most nearly normal to the boundary segment.  In 

Figure 54 the case under consideration is shown. 

Vlfl,j*l/2 

Figure 54 

Linear Interpolation of Boundary Values for the 
Class of Cells Illustrated in Figure 53. 

Since the midpoint of the segment is known, for u
i_1/2 i 

1-1/2,:     1+1/2,3 
(68) 

where ALI and AL2 are easily computed. 

In order to compute V. . , ._, the point XL where the wall cuts 
1,1-1/2 

the mesh must be known.  Given PNORX and PNORY, the midpoint of the 

segment, and DNORX and DNORY, the direction cosines of the segment, 

the point XL is given by 

where 

XL = (Z. , ,, - PNORY) / TAN + PNÜRX, 

TAN = DNORX / DNORY. 

(69) 

(70) 
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Nov with XL known, Vi ■ 1/2 can be computed as in equation (68). 

When the wall crosses the mesh outside of the unknown velocity as in 

the case of ^it^+1/2>   it should be noted that equation (68) still 

produces a correct velocity for that point. 

This system works for all orientations of the boundary, where 

only one side of the boundary cell faces an empty cell.  The equations 

for determining XU, XL, ALI, and AL2 are a little different for each 

case, but the general approach is the same. 

The second class of problems are those in which an empty cell 

faces the obstacle cell on two sides.  This is shown in Figure 55. 

EMPTY 

FLUID 

V|,j+|/2 

Ui-l/2 
OBSTACLE 
CELL 

Vj,i-l/2 

EMPTY 

 j 

i 
I 

FLUID      ! 
i 
i        ' 
i 

Figure 55 

ABMAC Cell with Two Empty Cells Bordering the 
Cell Containing the Boundary Segment 

In this case, ^ii^+1/2  and öi+1/   will be computed using the 

velocities directly across the cell.  In order to do this, the lengths 

XL, and YL must oe known, as shown in Figure 56. 
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Figure 56 

Computation of XL and YL for Determining the Boundary 
Values for the Class of Cells Illustrated in Figure 55 

XI, the point where the boundary segment crosses the line z = z, 

is given as 

XI = (Z. - PNORY) / TAN + PNORX, (71) 

where PNORY, PNORX, and TAN have identical meanings as in equation (69). 

With XI known, the lengths XL and YL can be computed and the velocities 

found using a linear interpolation formula. 

Results using the no-slip boundary condition represent a far 

better solution than those with the fr.-e  slip condition. The velocity 

profiles shown in Figures 57 and 58 are at positions upstream from the 

ball.  Those in Figures 59, 60, and 61 are at positions downstream from 

the ball.  These profiles represent a realistic simulation of the flow 

about a ball type valve. 
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Figure 57 
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Upstream Velocity Profiles 
For No-Slip Boundary Condition 
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Figure 58 

o, 
AXIAL POSITION 
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Figure 59 
Downstream Velocity Profiles 

for No-Slip Boundary Conditions 

Figure 60 
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Figure 61 

Downstream Velocity Profiles 
for No-Slip Boundary Conditions 

Figure 62 and 63 are comparisons of these velocity profiles with 

selected profiles produced experimentally by Wieting. The shapes of 

the profiles are very similar, but note that those produced numerically 

show slightly faster velocities. 

The differences can be attributed to several factors. First, the 

numerical solution represented here is a steady state solution, i.e. 

given some initial conditions and a set of boundary conditions, the 

computer iterates on the given equations until the solution satisfies 

the given conditions.  The experimental solution on the other hand is 

time dependent.  The pulsatile motion of the fluid, the motion of the 

ball, and other time dependent factors will certainly make a difference. 

The exact moment at which the profiles were measured could in itself 
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produce different results.  From a numerical standpoint, a more accurate 

solution could certainly be obtained if a finer computational mesh were 

used. 

Figures 64, 65, 66, and 67 are contour plots of the stream-function, 

V-velocity component, U-velocity component, and pressure.  Figure 68 

shows the velocity vectors for the solution.  These figures represent a 

realistic representation of the flow. 

B.   THE COMPUTER PROGRAM 

In addition to producing numerical results, the goal of this research 

was to produce a series of programs which used the computer to its best 

advantage. 

In order to make the ABMAC code more efficient for use on the PDP-10 

time sharing system, several changes were made in the program. 

The first major change involved separating the initialization 

portion of the program from the computational part.  This is a significant 

change for many reasons.  During the initialization procedure, the 

curved boundary segments are defined, fluid particles are created, and 

the cell flags are marked.  This involves a great deal of time, program 

space, and temporary storage. By separating this code from the rest of 

the program, the amount of core required to run in dropped from 96K to 

48K.  Under our time sharing system, this means a considerable increase 

in efficiency. 

During a long production run, the set-up time may be insignificant 

when compared to the total run time. However, testing and debugging 

pose an entirely different picture.  Usually, interest lies only in the 
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first one or two time cycles.  In. this frame of reference, the set up 

time becomes a large part of the total run time.  Therefore, by removing 

that code from the rest of the program, the set-up for a particular 

test need only be done once.  Each test can use the same stored values 

of initial data.  The overall scheme of the initialization procedure is 

shown in Figure 69. 

READ IN INITIAL 
DATA 

I 
DEFINE CURVED BOUNDARY 
SEGMENTS, CREATE FLUID 
PARTICLES, WARK CELL 
FLAGS, AND SET UP INITIAL 
VALUES  OF VARIABLES. 

I 
WRITE OUT INITIAL 

DATA TO FILE. 

Figure 6" 

Block Diagram of Initialization Procedure 
For Modified Version of ABMAC Code 

The second change involved combining several pieces of code into 

common subroutines.  The major changes in this respect involved the 

velocity computation code.  The ABMAC technique requires a velocity 

computation at two distinct uimes. As the pressure is re-computed for 

each cell, the velocities are simultaneously changed for that cell.  In 

addition, at the end of each pressure iteration, the entire field of 

111 iiiiiiiiiiiiiiMiiiii^  - , M 
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velocities is re-computed. Although computationally the same, the codes 

for these two distinct subroutines are different. 

It was a simple matter, to combine these subroutines, using a check 

to determine which function to perform.  Subroutine VEL55 for example is 

called witn three arguments.  If one of these argvunents is zero, it 

indicates that the entire mesh is to be swept.  If non zero, the arguments 

indicate which cell the velocities are to be computed in.  The code to 

do this is as follows: 

SUBROUTINE VEL55 (KM, K, L) 
COMMON STATEMENTS 

IF (KM, NE . 0) GO TO 10 
DO 1 L = 2, LMZ 
KMM = L KMAX 
DO 1 k = 2, KMZ 
KM = K + KMM - KMAX 

10    KT = KM + KMAX 
KB = KM - KMAX 

The third change involved the determination c^ a system for setting 

and checking cell flags.  The original ABMAC code, written in LRLTRAN 

for the CDC 7600, took advantage of several nice language features not 

generally available.  In particular, LRLTRAN contains a byte specification 

and a structure specification.  In ABMAC, the cell glags SUR, FULL, EMP, 

BND, and etc., were specified as 1 bit bytes.  These flags were then 

combined into one word using the structure specification, and that set 

of flags was made into an array. 

These 1 bit bytes could then be accessed by name.  For example: 

OB (KM) = 1, 

FULL (KM + 1) = 0 . 

i i ■—■■-■-■- -.^. ^^.,-. . 
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Treating these quantities as truth values made it easy to check 

cell flags and make decisions based on their contents.  For example: 

TEST = FULL (KM). UN. (SUR (KM) . INT. (.NOT.COR(KM) ) ) 

IF (TEST) 20, 192. 

In this illustration, are shown three other items peculiar only to 

LRLTRAN.  .UN. is a bit or, .INT. is a bit by bit AND, and the statement 

IF (TEST) 20, 192 

means go to statement 20 if test is true, and go to statement 192 if it 

is false. 

In order to simulate this scheme as efficiently as possible, a 

table was devised which marked the cells as powers of two.  The flags 

are defined as 

SUR = 4 
FULL = 8 
EMP = 16 
BND a 32 
IN = 64 

OUT = 128 
FRSLP = 256 
NOSLP = 512 

EMPBND = 1024 
OB = 2048 

COR a 4096 
OK = 8192 

GAS = 16384 
ARB = 32768 

A cell then can be marked as full by writing 

FLAG (KM) = LFAG (KM) .OR. FULL, 

while checking the cell to see if it is full can be done by writing 

IF ((FLAG(KM), AND.FULL).EQ.FULL) ...  . 

It can be seen that while it takes more source code to write the same 
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thing, the code for the PDP-10 is just as efficient both space-wise and 

time-wise. 

The final major change was one dictated by the heavy load this 

type of problem placed on the system. Since the problem is being run on 

a time-shared system, it must compete in time with other jobs. The 

scheduler on the PDP-10 is such that a long compute bound job is not 

favored.  In order to take advantage of all possible time available on 

the machine, and yet not load the system, tha following scheme was used. 

The PDP-LO allows background jobs to bt initiated using a system 

program called FIB.  FIB queues up requests for background jobs, and 

runs them whenever the machine load average drops below a specified 

point. Jobs are run according to the requested run times, i.e., a job 

requesting two minutes of CPU time will run before one requesting four 

minutes.  If a process can be broken up into discreet segments, such 

that each segment uses two minutes or less, the FIB program will use 

all available machine time to run these segments without loading the 

machine. 

ABMAC runs through one time cycle in about 12 minutes. This 

provides a convenient place to segment the process.  Instead of writing 

out a file at the end of each segment, and reading it in at the beginning 

of the next, the program maps a complete core image of itself onto a 

file called P.DMP.  At the beginning of the next cycle the command 

RUN P.DMP is sufficient to start the next cycle with all of the proper 

data. 

In the event that the machine crashes during this mapping operation, 

two different versions of P.DMP are written out, the program alternating 

'mmmum § i -.^...^■^,....^i..^...:....„,...^.^,-^,.. , ^..^.^....... ..^.  
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between them.  This insures that there is always one complete, good 

version of P.DMP. on the system. 

In order to keep the program running, the FIB request must generate 

the next FIB request as well as the next program segment.  Also, it 

must be sure that it uses the correct version of P.DMP.  The FIB request 

necessary to do this is shown here. Tho machine responses are under- 

lined. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

@ FIB 

@@ <SYSTEM> EXEC. SAV 

(3(3 CONSOLE-OUTPUT (TO FILE)  NIL.DAT  [NEW FILE] 

(3(3 RUNTIME (MAXIMUM IN MINUTES)  2  [CONFIRM] 

(3(3 COMMAND-TEXT (ENDING WITH t Z) 

*_ COPY O-REQUEST.INPUT (TO) REQUESTED-F-I-B. INPUT 

*_  RUN GETIT 

1 P 

1 Y 

1  V 
*_ N 

*_ + Z 

(§ 

Line (1) calls up the FIB program. Line (2) tells FIB that it is 

to run the system EXEC routine. Line (3) specifies that any console 

output is to go to a file named NIL.DAT.  Line (4) specifies a two 

minute maximum run time.  Line (5) asks for a list of commands and/or 

text to be executed by the routine specified in line (2). Line (6) 

copies from a file O-REQUEST.INPUT, the next FIB request.  This is put 

into the queue by writing it onto a file called :^QUESTED-F-I-B.INPUT. 

Line (7) tells the system to run a program called GETIT.  GETIT looks 

at the version numbers of P.DMP, selects the proper one, and maps it 

a^^J^diUlttM.fa^.^.^  .:■■- .m*^u^_^.    .„  .„..JUU^^ ,„ 
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onto core. Control Is then passed to P.DMP. Lines (8), (9), (10), 

and (11) contain text which is used by P.DMP. Line (12) terminates 

the list, and line (13) returns to the EXEC. 

^ 
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CHAPTER EIGHT 

CONCLUSIONS 

The numerical results of this study illustrate the applicability 

of a unique numerical technique to an extremely important problem. The 

development of a method for specifying a flexible, arbitrarily shaped, 

no-slip boundary provides an important step in studying blood flow 

characteristics. The technique developed in this report is based on 

the Marker and Cell methodology produced at Los Alamos Scientific 

Laboratory. This method, using marker particles, provided a powerful 

method for defining free surfaces in a fluid flow study, as well as the 

ability to solve the problem in terms of the primitive variables of 

velocity and pressure. The marker particle concept allowed the 

definition of an arbitrarily shaped, flexible boundary in the flow 

problem, as demonstrated in the A3MAC method developed at the Lawrence 

Livermore Labs. Adding the no-slip boundary concept developed in this 

report to ABMAC proviaes a powerful tool for blood flow studies. 

It should be noted that in the steady-state, confined flow 

solutions presented in this paper, the marker particles used originally 

in MAC have no significance, and in fact have been eliminated from the 

computation altogether. Therefore, no figures containing marker particles 

appear in the text. However, once the walls are allowed to flex, or the 

ball is allowed to move, the particles again become important in 

maintaining the definition of the walls. 

In addition to the development and application of a new numerical 

method, this report has illustrated the kinds of techniques necessary 

liM^^U^tftttl^AMlUtUk^. ~*uit uturfuJ^ 
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in order to include an interactive graphic capability in the solution. 

Interactive computer graphics can play an important pie in the solutions 

of large numerical problems, but the implementation of such a capability 

must be done with care. Performed in the wrong manner, it can hinder 

the solution process rather than help it. The techniques of program 

segmentation and modularization along with core sharing provide an 

efficient, powerful implementation of interactive graphics. 

The next logical step in this research would be to add the roving 

boundary capability. Basically, this is simply a matter of re-introducing 

the marker particles into the solution in order to keep track of the 

moving boundaries. Some programming would also need to be included to 

define the movement that would be desired in the walls. For example, 

the ball would be moved as a function of the pressure field, the walls 

could move according to a pulsatile waveform superimposed on the system. 

The addition of this feature would allow a motion-picture type of 

display, where the streamlines, velocities, etc. could be seen changing 

as the valve went through an open-close cycle. With this kind of tool, 

a capability would be available for studying many different heart 

valve designs. With the information gained from that kind of study, 

new heart valves can be designed and evaluated vith the computer. 

This technology will be extended into other blood flow studies, 

such as capillary flow, the formation of atherosclerotic plaques, and 

pulmonary functions. 

Of particular interest to the study of plaque or lesion formation 

in arteries is the allowance of apulsinq, arterial wall and blood flow 

into the overall investigation by this procedure. For example, the 

iMiiiiiMiliiiilliiiiiiiiiiiiiiiBirtiiiiiii>i'iii"tfir''"-''----'  niiiWirrtiMir'^^'^'^i^^ 



mmmisßfipv&wwm^ 

102 

prime cause of some 800,000 heart attacks in the united States each 

year is an infarction of a coronary artery. Such an obstruction of 

the local circulation by an advanced plaque formation, thrombus or 

embolus is involved in a many-branched amplification of our present 

studies concerning arterial geometries. It is realized that the inclusion 

of moving (pulsing), free boundaries and their computer graphics 

simulations into the problem will allow tethering, tapering ani reflection 

effects; conceptual requirements that would aid in advancing the hypotheses 

of myocardial infarction mechanisms. Knowledge of such mechanisms may 

not be attainable by any other analytical means except by such resulting 

computer simulations. 
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IOC 

APPENDIX I 

GRAPHICAL INPUT PROGRAM 

Routine Name 

MAIN 

MAIN1 

INPUT 

INPÜT1 

MESH 

MESH1 

MESH2 

FIGURE 

FIG1 

FIG2 

FIG3 

FIG4 

TTYIN 

FLUID 

FLU1 

FLU2 

CONVG 

CONVG1 

CONVG2 

CNTRL 

CNTRL1 

CNTRL2 

CHECK 

OUTP 

ARO 

BOXES 

BOX 

Function 

Main program 

Displays input selection 

Controls input 

Displays input functions 

Controls mesh input 

Accepts mesh input 

Displays mesh input 

Controls figure input 

Displays input functions 

Displays mesh 

Accept figure input 

Displays figure 

Does teletype input 

Controls fluid input 

Accepts fluid input 

Displays fluid input 

Controls parameter input 

Accepts parameter input 

Displays parameter input 

Controls parameter input 

Accepts parameter input 

Displays parameter input 

Displays completed description 

Outputs completed description 

Draws arrow heads 

Draws light buttons 

Draws one box 
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c 
c 
c 
c 
c 
c 
1 

2 

COMMON MtSS(7) 
COMMON KMAX,LMAXiMU»RHOA»OKrDZ 
COMMON NP,bPX(50)»BPY(50)»UNOT,VNOTrUlN»VIN 
COMMON ÜT,NEDIT»LHS2»BETA»NST0P»NPIT»NDUMP»NEXP 
COMMON/MOuSE/INX»INY»XNSW»SWSTAT 
C0MM0N/ETC/ISMXl»ISMX2rNXSP»NYSP»FNAME 
iNTEGtR FNAME 
REAL MU 
CALL SETDIS 
CALL MAIN1 
CALL WMOUSL 
INY=(INY+12Ö)/12Ö 
00 TO (5»2»1)INY 

JUMP TAüLE FOR INPUT TYPE 
.r-TTY 
2-UISK 
3-1ERMINAL 

NDEV1=5 
CALL KEADIT 
CALL EXIT 
NUEV1=21 
TYPE 3 
F0RMAT(1H »'INPUT FILENAME:♦»S) 
ACCEPT «♦»FNAME 
F0RMAT(A5) 
FNAME=FNAME+32 
CALL iFILE{21»FNAME) 
CALL READIT 
CALL EXIT 
N0EV1=0 
CALL INPUT 
CALL EXIT 
ENU 
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SübROUTINt   MAIN1 
CALL   tiOXESiS) 

M0VETÜ(752r24) 
WRITt{»TERMlNAL<>») 
MüVET0(768rl52) 
WHITECDISKO«) 
MOVETÜ(76ür2öO) 
WKITECTTYO») 
MOVETO(728»350) 
WKITLCINPUT FROM:<>«) 
StND 
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CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
RETURN 
END 

' 
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',•..,..., . ,„, 

SUEJROUTINL   INPUT 
COMMOfVMOuSE/INX»INY»lNSWrSWSTAT 
CALL   INPUTl 
CALL WMOUSE 
lNr=(lNY+l28)/12ü 
GO   TU   (2.0r4»5»6»7»8)lNY 
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c 
c JUMP TABLt. 
c 
2 CALL CHECK 

' CALL AMOUSE 
1 CALL OUTP 
;-■ CALL EXIT 

3 CALL MOD 
I GO TO 1 

u CALL CNTRL 
I too TO J 

b CALL CONVö 
?: 60 TO 1 

6 CALL FLUIU 
- GO TO 1 

7 CALL FIGURE 
i GO TO 1 

a CALL MESH 
i GO TO 1 
: END 
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subRüuriNt. 
CALL bOXES( 

MOVETO 
WRITE( 
MÜVEFÜ 
rtKITE( 
MOVETO 
KRITE( 
MOVETO 
WRITE( 
MOVETO 
WRITE( 
MOVETO 
WRITE( 
MOVETO 
WKITE( 
MOVETO 
WRITE( 
SEND 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
RETURN 
END 

INPUT 1 
7) 
(760,24) 
•EXITO») 
(750rl52) 
•M0ÜIFYO« ) 
(740»280) 
'CONTROLO') 
(752^22) 
»CONVEKGENCEO' ) 
<74öf390) 
•CRiTEKiAO») 
(760»i)36) 
•FLUIDO«) 
(716»664) 
♦BOUNUARYO«) 
(76Ü»792) 
•MESHO«) 
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2 

SubROUTINE  MESH 
CüMMON/MOuSE/INK»IIMY»lHSW»SWSTAT 
Du   1   I=l»5 
CALL MESHKD 
CALL «MOUSE 
INY=(INY+I2t»)/1^8 
iFdNY.GE.b)   GO  TO  3 
CALL  MESHKINY) 
60   TO  2 
CONTINUE 
RETURN 
ENÜ 
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b 

3 

6 
7 

Ö 

9 

13 
11 

lb 
16 

12 
lb 

SUBROUTINE MESMIIJ) 
COMMON MESS(7) 
COMMON KMAX»UMAXTMU,RHOA»üR»DZ 
COMMON   NP,bPX(bO)»BPY(50)»UNOT,VNOT,UlN»VIN 
COMMON  UT,NEUnfEPS2»ÜETA»NSTOP»NPIT»NUUMPrNEXP 
CuMMON/MOuSE/INXrlNYflNSw»SWSTAT 
C0MM0N/ETc/ISMXlfISMX2,NXSP»Nr5P 
00   TO    (ifrbrorlS^blJ 
TiPE   b 
FORMATdH   »•ÜR=,»i) 
ACCEPT 3»UK 
FORMAT (AD 
FOKMAT(F) 
C'O TO 1U 
TYPE 7 
FORMATdH »»OZs»»!) 
ACCEPT 3fUZ 
00 TO 10 
TYPE 9 
FORMATdH r'RECT OR CYL COORD?'»$) 
ACCEPT 2»NSYS 
^(NSfS.EQ.'RMNEXPrO 
IF(NSYS.E0.'C«)NEXP=1 
00 TO lü 
TYPE 14 
FORMATdH r'NO. OF CELLS IN R=»»$) 
ACCEPT 12,KMAX 
GO TO 18 
TYPE 16 
FORMATdH »»NO, OF CELLS IN Z=»r$) 
ACCEPT 12»LMAX 
NYSP=BnO/(LMAX-2) 
NXSP=NYSP*ÜR/ÜZ 
FORMAT(1) 
CALL   MESH2 
RETURN 
END 
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; 

113 
SübROUTINt MESH2 
COMMON MESS(7) 
COMMON KMAX»LMAXrMU»RHOA»DR»DZ 
COMMON NPrBPX(50),8PY(50)»UNOTrVNOT»UiN»VIN 
COMMON üT,NEDITrEPS2»ÖETArNST0P»NPITrNDUMPfNEXP 
CoMMON/MOuSE/INXrINY»lNSW»SWSTAT 
C0MM0N/ETC/lSMXlrISMX2,NXSP»NYSP 
CALL B0XES(6) 
CALL MOVETOlT^fat) 
CALL WRITE!•DR=Ä.AA&A<>,»DR) 
CALL  MOVE rü(7tmf 152) 
CALL   KVRITECDZSä.^&AONÜZ) 
CALL  MOVETOtV^öiaöO) 
lFtNEXP.EQ.O)CALL  WRITECRECT  COORÜO») 
IF(NEXP.EU.1)CALL  WRUECCYL  COORDOM 
CALL  M0VET0(722»'t22) 

WRITE (»NO.   OF   CELLSO») 
MOVETOt734»390) 
WRITE-IN  R=AAA<>«»KMAX) 
MOVF.TO(722f550) 
WRITECNO.   OF  CELLSO») 
M0VETÜ(734»518) 
WRITECaN  Z  SA&AOSLMAX) 
M0VET0(768»664) 
WRITE I'RETURNO«) 
SEND 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
RETURN 
END 

■ 
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SUbRuUTlNt  FXbUKE 
COMMON  MEbS(7) 
COMMON KMAX » UMAXr MU» RHOA»DK»OZ 
COMMON NP,bPX(50)»BPY(50)»UNOT»VNOT»UlN»VIN 
COMMON UT,l\JEÜIT»EPS2rBETA»NST0P»NPIT»NÜUMP.NEXP 
C0WM0N/M0ubE/INX»INY»lNSw»SWSTAT 
COMMON/ETC/ISMX1»ISMX2»NXSP»NY5P 
CALL FI61 

10     CALL WMOUSE 
lNr=(INYH28)/12ü 
(JO TO (1?2»7)INY 

1       HETUKN 
2    TYPE 3 
3      FORMAT(1H »•iNFLOw VELOCITIES:») 

TYPE I 
*»       FoKMATUH »»V-IN:»,«) 

ACCEPT SfVlN 
b      FORMAT(F) 

TYPE 6 
b      FoRMATllH »»U-INr»»*) 

ACCEPT b»üIN 
GO TO 10 

7       CALL FIÜ2 
CALL FIG3 
00 TO 10 
RETURN 
EUÜ 
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SubROUTlNt FI61 
CALL Ö0XES(3) 

MovEToaeera**) 
WRITtCRETUKNO') 
MOVETO(7^0»152) 
hKlTE(»INFLO»y<>M 
MOVETO(732r200) 
WRITE( •BOUNDARIEbO») 
SEND 

115 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
RLTURN 
END 
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10 

20 

SUoROUTlNt Flb2 
COMMON MESS(7) 
COMMON KMAX,LMAX»MU,RHOA,ÜK»DZ 
COMMON NP,üPX(50)»bPY(50)»UNOT»VNOT»UltWlN 
COMMON ÜT,NEDIT»EPS2»BETA»NST0P»NPIT»NDUMP»NEXP 
CüMMON/MOuSE/INX»INY»lNSW»SWSTAT 
C0MM0N/ETC/ISMX1»ISMX2,NXSP»NYSP 
KMAXZ=KMAX-2 
l..MAX2=LMAX-2 
MAXY=LMAXz*NYSP+l2ö 
MAXX=KMAXZ*NXSP+12ö 
DO 10 I=lrKMAX-l 
NXLINE=12ö+(I-l)*NXSP 
CALL MOVETO(NXLINE»I28) 
CALL VECTo(NXLINErMAXY) 
ÜO 20 j=l,LMAX-l 
NYLINE=128+(J-1)*NYSP 
CALL MüVETO(128.NYLINE) 

VECTO(MAXX»NYLINE) 
SEND 
AK0(fa4,192»«UM 
y/EC(0»-128) 
VEC{128»0) 
ARO(207»^9r»L') 
MOVETO(150»60) 

116 

; 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
RETURN 
END 

WRITECRO«) 
M0VETÜ(10,200) 
*RITE(»^0«) 
M0VETÜ(256f52) 
WRITECMESH IS 
M0VET0(325f25) 
WRITEi^Rs.AAAA» 
APND 
AR0(i28»l28»'U») 

A^A  BY   AAA   CELLSONKMAXrLMAX) 

DZ=.AAAA<>»»DR»Di) 

■ 
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101 

102 

t 

2 

3 

4 
5 

SUBROUTINE FIö3 

COMMON MESS(7) 
COMMON KMAXrLMAX»MUtKH0ArDR»DZ 
COMMON NP,BPX(50)rBPY(50)rUNOT»VNOT»UlN»VIN 
COMMON DT»NEDIT»EPS2»BETA»NST0P»NPIT»NDUMP#NEXP 
COMMON/MOuSE/INX»INY»INSW»SWSTAT 
C0MM0N/ETC/ISMX1»ISMX2,NXSP»NYSP 
LOGICAL IMF 
LOGICAL TERM 
TERM=.TRUE. 
TYPE 101 
FORMAT(1H r'TTY OR MOUSE INPUT?»»$) 
ACCEPT 102»IDEV 
FüRMAT(Al) 
iFdDEV.NE.'MMTERMr.FALSE. 
IMF=.TRUE. 
SMA=(KMAX-2)*DR 
SMY=ILMAX-2)*DZ 
Sx=DR/NXSP 
SY=DZ/NYSP 
MM=1 
IF(TERM)CALL WMOUSE 
IF(.N0T.TERM)CALL TTYlN 
BPX{MM)=(INX-12Ü)*SX 
BPY(MM)=(INY-12Ö)*SY 
IF(BPX(MM),LT,DR)BPX(MM)=0. 
IF(BPY(MM).LT.DZ)BPY(MM)=0. 
IF(BPX(MM),GT,SMX)BPX(MM)=SMX 
IF(BPX(MM).LT.ÜR.AN0.BPY(MM).LT.DZ)GÜ TO 6 
IF(BPY1MM).LT.DR)G0 TO 2 
IF(BPY(MM),6T.SMY)G0 TO 3 
IF (IMF) GO TO *♦ 
CALL ARO(lNX»INY»'LM 
GO TO 5 
CALL AROUNXrINY»«ü») 
60 TO I 5 
CALL AR0(IMX»INY»»D») 
IMF=.FALSE. 
ISMX1SMM 
GO TO 5 
CALL AR0(INX»INY»»R») 
MM=MM+1 
GO TO 1 
ISMX2=MM 
CALL FIG4 
RETURN 
END 
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; 

SüBRüUTINt  FIÖ4 
COMMON  MESb(7) 
COMMON KMAXrLMAX»MU»RHuA»DR»DZ 
COMMON NP,bPX(5U)fÜPY(50)»UNOT»VNOT,UlNrVIN 
COMMON üT,NEDIT,£PS2»dETA»NST0P»NPIT»NDUMP»NEXP 
C0MM0N/MÜUSE/INX»INY»lNStt»SW5TAT 
C0MM0N/ETC/ISMX1»ISMX2»NXSP»NYSP 
CALL M0VET0(l20rl28) 
Uü 1 i=l»ISMX2 
I>v=(BPX(I)*NXSP)/üR+12ö 
1Y=(ÖPY(I)*NYSP)/ÜZ+128 
CALL vtcTo(iXriY) 
CALL MOVETO(732»350) 
CALL WRITECRETURNO») 
CALL SEND 
RETURN 
END 
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1 

2 

SOdROUTINt   TTYIN 
COMMON  MESS{7) 
COMMON  KMAX,LMAX»MU»RHOA»DK»DZ 
COMMON NPfbPX(50)fBPYlbO)rUNOT»VNOTfUli>l»VIN 
COMMON  DT,NEDIT»EPS2»ÖETA»NST0P»NP:T»NDUMP»NEXP 
C0MMÜN/M0USE/INX»!NY»INSW»SWSTAT 
COMMON/ETC/1SMX1rISMX2»NXSP»NYSP 
TYPE   1 
FORMAT(1H   »•*•) 
ACCEPT  2»AlNX»AINY 
FORMAT(2F) 
INX=12ü+(AINX*NXSP)/DR 
lNY=12ö+(AlNY*NYSP)/DZ 
RE TURN 
END 
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SUbROUriNE FLUID 
COMMON/MO JSE/1 NX, IiMY»IlMSW r SWSTAT 
ÜU 1 I=l»5 
CALL FLUl(l) 
CALL WMOÜSE 
ltMY=(I(MY+l28)/12Ö 
iF(INY,bE.b)rtETüRN 
CALL FLUICINY) 
ÖÜ TO 2 
LNÜ 

120 
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: 
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7 

9 
10 

11 
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SUbROUTINE FLUl(J) 
COMMON MESS(7) 
COMMON KMAX,LMAX»MURRHOA»DR»DZ 
COMMON NP,bPX(50)»BPY(50)»UN0T»VNOT»UlNrVIN 
COMMON ÜT,NEDITrEPS2»BE;TA»NST0P»NPIT»NDUMP»NEXP 
COMMON/MOuSE/INXrINYfiNSWrSWSTAT 
COMMON/ETC/1SMX1»ISMX2,NXSP»NYSP 
KEAL MU 
60 TO (l»**»6»9»ll)J 
TYPE 2 
FOKMAI'dH   »•INITIAL  U  VELOClTY=S$) 
ACCEPT 3»UN0T 
FORMAT^) 
bO TO 15 
rrPE b 
FüKMATdH » »INITIAL V vELOCITYs» »S) 
ACCEPT 3»VN0T 
GO TO lb 
TYPE 7 
FüKMATdH »«PARTICLE DENSITY=»,S) 
ACCEPT Ö»NP 
FORMAT(1) 
00 TO 15 
TYPE 10 
FORMATdH »»RHOAS'fS) 
ACCEPT 3»KH0A 
00 TO 15 
TYPE 12 
FORMATdH »»MUs«»*) 
ACCEPT 3»MU 
GO TO 15 
CALL FLU2 
RETURN 
LIMU 
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SUDROUTINE FLU2 
CüMMOiM MESS(7) 
COMMON KMAX,LMAXrMU,RHOA»Ü«»DZ 
COMMON NP, ÜPX (bO) »bPY ( 50) »UNOT, VNOT r L'lN r VIN 
COMMON DT,rNEUITrEPS2»BETAfNST0P»NPIT/NDUMP»NEXP 
CüMMÜN/MOubE/INXrINY»lNSW»SWSTAT 
C0MM0N/ETC/ISMX1»ISMX2»NXSP,NYSP 
REAL MU 

bOXES(6) 
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CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
RETURN 
ENÜ 

M0VET0(732,2tn 
wRITt.(,U=AAA.^AA<>'»Ui\IOT) 
M0VETO(740rl52) 
rtHITE( ♦VSAAA.AAAO» »VNOT) 
MüVETO(701»279) 
WRITE( »PARTICLE  DENSITYO») 
MüVET0(770r25ü) 
WRIT£(»=AA<>'»NP) 
M0VET0(732»i*10) 
WRITE('RH0A=A.AAAAAAA<>•,UHOA) 
M0VETÜ(732»Ö36) 
ImRITEC'MUSA.AAAAAAAO» »MU) 
M0VET0(732»66'n 
WRITE«'RETUKNOM 
SENU 
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2 

SubROUTINE CÜNVG 
COMMON/MOuSE/INX»INY?lNSWrSWSTAT 
DO 1 I=l»3 
CALL CONVOKD 
CALL WMOUSL 
INY=(INY+128)/I2ß 
IF(INY,GE.1)RETURN 
CALL CONVGKINY) 
GO  TO   2 
END 
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I 
2 

»* 
b 

b 
7 

SuuKULlTlNt   CONVGKJ) 
COMMON MESS(7) 
COMMON KMAX»LMAX»MUFRHOA.DH»DZ 
COMMON NP,UPX(bö)»üPY I50>»UNOT»VNOT»Uii>i»VIN 
COMMON  ÜT»IMEÜJ r»E:PS2»bETA»NSTüP»NPIT»NDUMP»NEXP 
COMMOiVMOuSE/INX»INY»lNSW»SWSTAT 
COMMON/ETC/ISMXlrISMX2,NXSprNYSP 
00   TO   (1»4»6)J 
TYPE 2 
FOKMATUH »»DT=»»») 
ACCEPT 3»UT 
POKMAT(h") 
00 TO b 
TYPE b 
FORMAT 11H »«CONVEKGENCE EPSsNi) 
ACCEPT Ö»LPS2 
00 TO ü 
TYPE 7 
FOKMATUH   »»RELAXATION  FACTOR=«»$) 
ACCEPT   3»ijETA 
CALL C0NVO2 
RETURN 
ENU 
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; 

SubROUTlNE CÜNVG2 
COMMON MESb(7) 
COMMON KMAX»LMAX»MU»RHOA»ÜK»DZ 
COMMON NP,bPX(5C)»bPY(50)fUNOT#VNOTrUlN»VIN 
COMMON DT,NEüIT»EHS2»BETA»NSTOP»NPIT»NüUMP»NEXP 

CüMMON/MOüSE/INX»lNYfINSW»SWSTAT 
C0MM0N/ETC/ISMXl»ISMX2,NXSPfNYSP 
CALL Ü0XES(4) 

M0VETO(742»2if) 
WHITE( »DTx^.A^AAAO'rDT) 
M0VETO{742f152) 
WKITE(,EPS2=^.AAAAA<>» »EPS2) 
MOVETO(752f2üO) 
WKITE(»B£TA=A,AAA<>» »BETA) 
MOVETO(760»40Ö) 
WIKIT£(»RETURN<>' ) 
SEND 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
RETURN 
LNÜ 

i 

: 
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1 

SUbROUTINt  CNTRL 
CüMMOIVMOuSE/INX»INYrlNSW»SWSTAT 
UO   1   I=l»6 
CALL CNTRLKD 
CALL wivfou;,!: 
1NY=(INY+128)/12Ö 
IF(INY.GE.7)KETUR|M 
CALL   CNTRLl(INY) 
(»0   TO   2 
RETURN 
ENÜ 

126 

MämimmtumH^m^g* mg^^^^lglgj^ lim ifi-rnff'--'"- ^-■--■-^■--1 ■ i liiBtiirrt'Tii iiiaJffiMllli 



ISPBPPPWpWW^W'iWW?^ WWpspWPP-ifPWppPWR^^ 

127 
SubROUTINE CNTRLKJ) 
COMMON MESS(7) 
COMMON KMAX,LMAX»MÜ»RHOAfDRfDZ 
COMMON NP,BPX(50)»BPY(50)»UNOTrVNOT»UlN»VIN 
COMMON DT,NEDIT»EPS2faETAfNST0P»NPIT»NDUMP»NEXP 
C0MM0N/M0U5E/INX»INY»INSW»SWSTAT 
CüMM0N/ETC/lSMXlrISMX2,NXSPrNYSP»FNAME 
INTEGER FNAME 
GO TO (l»4»6»ö»10rl3)J 

1 TYPE 2 
2 FORMAT(1H »»NO, OF CYCLES bETrtEEN DUMPSr'.S) 

ACCEPT Ö»NÜUMP 
GO TO 16 

i FORMA!(I) 
4       TYPE 5 
b FORMAT(IH »»NO. OF PRESSURE IT£RATIONS=»»S) 

ACCEPT 3»NPIT 
GO TO 16 

6 TYPE 7 
7 FORMATUH »«STOP AT CYCLE-« »$) 

ACCEPT 3HMSTÜP 
GO TO 16 

fa    TYPE 9 
9 FORMATUH »»NO, OF CYCLES BETWEEN EDITS=»,i) 

ACCEPT 3rNEDIT 
GO TO 16 

10 TYPE 11 
11 FORMAT(IH f«OUTPUT FILENAME:'»*) 

ACCEPT 12,FNAME 
12 FüRMAT{A5) 

GO TO 16 
13 TYPE 14 
1«*      F0RMAT(1H r'DESCRIPTION:'»S) 

ACCEPT 15,(MESS(I),I=1,7) 
15      FüRMAT{7A5) 
lb    CALL CNTRL2 

RETURN 
END 
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SuüKüUTINt   CNTRL2 
COMMON MESSC?) 
COMMON KMAXrLMAX»MU»RHüA»OR»DZ 
COMMON  NP,bPX(50)»üPY(bO)»UNOTrVNOT»UltNl,VIN 
COMMON  DT,NEÜir»tHS2»aETArNSTOP»NPITfNÜUMP»NEXP 
CoMMON/MÜüSE/INX.lNYrlNSWrSWSTAT 
C0MM0N/ETC/ISMX1»ISMX2,NXSP»NYSP»FNAME 
INTEGEK FNAME 
CALL BOXES(7) 

M0VET0(752,24) 
WKITE{ »NDUMPSAAO» »NDUMP) 
M0VETÜ(752»152) 
WRITE(»NPIr=AA<>'t NPI7 ) 
MOVETO(752»200) 
WKITE(•NSTOP=AAA<>» »NSTOP) 
M0VErO(752»'*03) 
WRITE; »NEüITSAAO» »NEUIT) 
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CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
RETURN 
END 

M0VET0(752r53ö) 
WRITE{'FNAME=<>») 
WRITES(FNAME) 
MOVETO(752166^) 
WRITE( «ÜESCRIPTIONO» ) 
MOVETÜ(760r792) 
WRITECRETURNO») 
SEND 

' 
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SübRÜUTlNE  CHECK 
COMMON MESS(7) 
COMMON KMAX,LMAX»MU»RHOA»DKrDZ 
COMMON NP,bPX(50) rtiPYtbO) »UNOT»VNOTiUlN»VIN 
COMMON DT,NEün »EPS2rBETArNSTÜPrNPIT»NDUMP»NEXP 
COMMüN/MOoSE/INXrlNY»lNSW»SWSTAT 
CüMM0N/ETc/lSMXl»ISMX2,NXSP»NYSP 
I a=512-bPX (1) *NXSP/DR 
CALL MOVETO(150»IY1) 
üü   1  J=2»ISMX1-1 
IX=lbO+BPY(J)*NYSP/DZ 
I r=bl2-t}PX (J) »NXSP/DR 
CALL ziPTu(iXriY) 
IY1=512+BPX(1)*NXSP/DR 
CALL MOVETO(150»IY1) 
Üü 2 J=2»ISMX1'.1 
U=150i-BPY(J)*NYSP/DZ 
lY=512+BPX(v;)*NXSP/DR 
CALL 2IPT0(IX»IY) 
ISM=ISMX1+1 
lXl=lüO+BPY(ISM)*NYSP/üZ 
CALL M0VETÜ(IXi,512) 
Üü 3 J=ISM+.l»ISMX2-l 
U=150+BPY(J)*NY5P/DZ 
Ir=5i2hBPX(J)*NXSP/DR 
CALL ZlPTO(IXrlY) 
CALL M0VET0(IXlr512) 
ÜÜ 4 J=ISM+1»ISMX2-1 
iÄ=150+bPY(J)»NYSP/DZ 
lY=512-r3PX(J)*NYSP/DR 
CALL ZIPT0(IX»IY) 
IYb=5l2-BPX(1)*NXSP/DR 
IYT=512+BPX(1)*NXSP/DZ 

CALL SEND 

CALL  AHOdlOrlYTf »UM 
CALL VECTO(1'+O»52S) 
CALL AR0(140»IYB»»üM 
CALL VECTOd^Of'+gg) 
CALL M0VETÜ(52f50'*) 
CM=BPX(1)*2. 
CALL   WRITEt^A.AA   CMO'rCM) 
CALL  AK0(l50»IYBf»D» ) 
CALL VECTO{1SO»512) 

LNG=512-IYB 
IXT=150+Li\iG 
CALL  AR0(lXTf512»'L») 
CALL  VECTod!30»bl2) 
CALL  MüVETÜ(160fIYB+5) 
CALL WRITECROM 
CALL M0VETü(IXT+12»504) 
CALL WHITE(»Z<>») 

lSMl=lbMXl-l 
1YB=512-BPX(ISMl)♦NXSP/DR 
lYT=5l2+BPXdSMl)*NXSP/DR 
CALL   AR0(9b5»IYT»«U») 
CALL  VECTü(9ü5»532) 
CALL   AH0(9ö5»IYbr'D«) 
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CALL vtcTü(9b5»^92) 
CALL MüVETÜ(955»i)22) 
CM=BPA(IbMl)*2. 
CALL if<Rn£('AA,AA<>»»CM) 
CALL   MOVETÜ(975rÖ03) 
CALL WKITEC'CMOM 
lYl=lYT+20 
CALL AKO(9bO»lYlf «LM 
CALL VECTü(600»IYI) 

CALL   AKOdbOrlYlr'RM 
CALL   VECTO(500»IY1) 
C(v|=BPY(ISMXl)*2. 
1Y1=IY1-0 
CALL  MOVETO(501»IY1) 
CALL   WRITtCAA.AA  CM<>»»CM) 
lXl=8Pr(IbM)*NXSP/DZ+300 
CALL   MüVET0(IXl,5l7) 
CALL VEC(-60rO) 
CALL   VEC(0»10) 
CALL VEC(-20f-i5) 
CALL VEC(20,-ib) 
CALL  VEC(0»10) 
CALL   VEC(6n»0) 
CALL   MüVE(5,-3) 
CALL   WKITECFLÜWO») 
CALL  M0VETÜ(3*f0fl24) 
CALL   WRITECU-INsAAAA.AAO'rUlN) 
CALL  M0VET0(34U»16'») 
CALL   rtKlTE('V-llM=^AA.^A<>t,VIi4) 
CALL  M0VET0{515»124) 
CALL   WRITECU-NOTzAAAA.AAO'rUNOT) 
CALL   MüVETÜ{bl5»l64) 
CALL WRITEC• V-NüTSAAAA.AAO«rVNOT) 
CALL   MOVErü(ta2r900) 
UO   5   J=l,7 
CALL WRITESCMESSUM 
CALL APUD 
RETURN 
END 
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: 1 

SUbROUTINE  OUTP 
CuMMON  MESS{7) 
COMMON  KMAX»LMAX»MÜ»RHOA»DKrDZ 
COMMON NP,BPX(50)»BPY(50)rUNOT,VNOTrUiivifVIN 
COMMON  DTrNEDIT»EPS2»6ETA»NST0P»NPIT»NDUMP»NEXP 
CüMMON/MOuSE/INX»INY»lNSW»SWSTAT 
C0MM0N/ETC/lSMXl»ISMX2»NXSPfNYSP»FNAME 
DIMENSION  IDT(2) 
REAL  MU 
INTEGER FNAME 
CALL üFIL£(23»FNAME) 

TYPE 1 
FORMAT(1H r»LINEFEED TO NEW PAGE»CR') 
ACCEPT 2»üUMMY 
FORMAT(AI) 
CALL DATE(IDT) 

TYPE   3 
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fTSy^AüMAC) 

»T35»,UNIVERS ITY  OF   UTAH') 

FORMAT(1H 
TYPE «+ 
FORMAT(1H 
TYPE t5,iDT(i)»iüT(2) 
FORMATdH   fT35»A5fA1) 
TYPE 6 
FORMAT(IH-) 
TYPE   7,(MESS(I)rI=l»7) 
FORMATdH   »7A5) 
WRlTE{23f7)(MESSlI)»I=l»7) 
MOPT=0 
TYPE  ö,KMAXrLMAX»NEXP»MOPT 
FORMATdH   tUl) 
rtRlTE(23ra)KMAXrLMAXrNEXP»M0PT 
SMIN=.01 
EPSU.2 
TYPE   9»5MlNrEPSl 
FORMATdH   ,2F) 
WHiTE(23»9)SMIN,EPSl 
GZ=0, 
GR=0. 
TYPE   10»&Z»6R»MU»RH0A 
FORMATdH   ,ifF) 
WKlTE(23»lO)GZ»GRfMU»RHOA 
TYPE II»DK 
FORMATdH   »F) 
WHiTE(23»ll)DR 
TYPE II,OI 
WRlTE(23dl)D2 
KA=2 
Kü=KMAX-l 
LA=2 
Lb=LMAX-l 
TYPE   l2rNP»KA»Kb»LA»LB 
FORMATdH   »51) 
WRlTL(23d2)NP»KA»KB»LA»Lö 
IZERO=0 
ZERO=0. 
SMALL=-0.00CI 
ISM=ISMX1-1 

: 
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TYPE i3»ztKo»ztRü 
WKITE(23»13)iEROr^ERO 

13     FORMAT(1H ,2F) 
DO i*   J=1,ISMX2 
TYPE 13»öPX(J)»BPY(J) 

m     l«RlTE(23»l3)bPX(J)»BPYlJ) 
TYPE iSriztRü 

15 FORMAT(1H   ,1) 
WRiTE(23»lb)IZER0 
KA=1 
Kb=KMAX 
LA=1 
La=LMAX 
KIIM=0 
KOUT=0 
TYPE   lb»KA»KB»LA»Lü,UNoT,VNOT»KlN»KOUT 

lb FORMATUH   »1I»2F»2I) 
rtRlTE(23»lb)KA»KB»LA»Lb»UNOTrVi\lOT»KIN»K0UT 
KA=2 
KtJ=öPX(l)/üR+2 
l.A=l 
Lb=l 
KOUTrl 
TYPE ibrKA»Kb»LA»Lb»UN0T,VN0T,KlN»K0UT 
WRlT£(23»lb)KArKb»LA»LB»UNOT»VNOT»KIN,K0UT 
KA=2 
Kb=KMAX-l, 
LA=LMAX 
Lb-LMAX 
VVLL=VIN 
UVEL=U1N 
KuUT=0 
KIN=1 
TYPE lb»KA»KÜ»LA»LB»UVEL»V\/ELfKlN»KOUT 
WRITE(23»16)KA»KB.LA»LB»UVEL»VVEL»KIN,K0UT 
TYPE ibriztRO 
WRITE(23»15)1ZER0 
NBP=2*(KMAX-2) 
XXA=.05 
YYA=UZ*(L|V|AX-2) + .05 
üuR=Dr</2 
uüZ=n, 
TYPE   l7rNöP,XXA»YYA»DÜR»DÜZ 

17 FORMATUH   ,I»4F) 
WRiTE(23»l7)NBP»XXA,YYA»DDR»DDZ 
TYPE   9füPX(l)»SMALL 
»JR1TE(23»9)BPX(1) »SMALL 
UO   lb   l=2»lSMXl-2 
TYPE   9»BPX(I)»ÖPY(I) 

1Ö WRlTE{23»9)BPX(I)»BPY(n 
ITW0=2 
TYPE   l9»BPX(ISM)»bPY(ISW?»lTWQ 

19 FORMATUH   »2F»I) 
WRlTE(23»l9)BPX(ISM)»BPY(IbM)»lTW0 
I0UE=1 
ISM2=ISMXl+2 
1SM=1S,V|X2-1 
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BPX(ISM2)=SMALL 
DO  20   I=ISM2»ISMX2-2 
TYPE  9,BPX(U»öPY(I) 

20 WRITE(23»9)BPX(I),ÜPY(I) 
TYPE   l9»ÖPX(ISM)füPY(lSM)»I0NE 
rtKlTE(23»l9)BPX(ISM)rdPY(lSM)flONE 
ICKT=1 
CRTRA=3.2 
CRTRB=6. 
CRTZA=16. 
CRTZb=,20a5 
XMAX=.2Ü65 
YMAX=.9 
TYPE   2l»ICHTiCRTRA»CRTRB»CRTZA»CRTZB»XMAX»YMAX 

21 FORMAT(1H   »I»6F) 
WRlTE(23»2l)lCRTfCRTRA,CRTRB»CRTZA»CRTiB»XMAX»YMAX 
TYPE   llrDT 
WRITE(23»11)DT 
TYPE   iSrNtDIT 
WRlTt(23»l5)NEülT 
TYPE   11»EPS1 
WK1TE(23»11)EPS1 
TYPE II»EPS2 
WKITE(23»11)EPS2 
TYPE   11»ÖETA 
l«HlTt(23»ll)BETA 
NbEN=»N» 
TYPE   22»NüEN 

22 FüRMATdH   rAl) 
*RlTE(23»22)NeEN 
TYPE II»SMIN 
rtRlTE(23»ll)SMlN 
TYPE   iSrNSTOP 
*RITE(23»lb)NST0P 
TYPE   15»NPIT 
WR1TE{23»15)NPIT 
TYPE iSrNuuwP 
WRITE(23»15)NDUMP 
END FILE 23 
RETURN 
END 

:i 
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SüüROUTINt  AKOCINXfINYiOIK) 
INTEGER DIK 
Nl=5 
N2=15 
IF(ÜIK.EÜ. VU')iNY=INY-l5 
IK(DIK.EÜ.,D,")INY=1NY+15 
1F(DIK.EU.'L,)INX=INX-15 
IF(DIR.EU.'R')INXsINX+15 
CALL MüVETO(INX,INY) 

iFIDIR.EÜ.'R'.OR.ÜlR.Eu.'UMNas-Na 
iFCDIR.EU.'U'.OR.DiR.Eu.'DMGÜ   TO   1 
CALL VEC(0»N1) 
CALL VEC(N2,-N1) 
CALL VLC(-W2»-NJL) 
CALL VEC(C»N1) 
CALL APND 
RETURN 
CALL VEC(-N1.»0) 
CALL VEC(NI»-N2) 
CALL VEC(N1,N2) 
CALL VEC(-N1»0) 
CALL APND 
RETURN 
ENU 

134 

-- 

MMH   -■.■:     -.,   :■    ,..; ,-,....., 



fiP!pBWfWpWl»PHBB?nmW!CT!!W™<M^^ 

SUbROUTlNE  BOXES(N) 
Du   1   I = 1»(M 
JPOS=(l*l2ö)-12ö 
CALL  MOVETÜ(70«*rJPOS) 
CALL box 
KETURN 
E.ND 
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SubROUTiNt BOA 
CALL VEC(0»64) 
CALL   VEC(192»0) 
CALL VECCOj-e^) 
CALL   VEC (-.192.0) 
K£TURN 
ENÜ 
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APPENDIX II 

THE COMPUTATION INITIALIZATION PROGRAM 

Routine Name 

MAIN 

MACMAIN 

GEN 

GENB 

REFLAG 

EDIT 

Function 

Establish common areas 

Control initialization, writes 
out data file 

Marks cells and initializes 

Computes normals describing 
boundary segments 

Readjusts cell flags in surface 

Lists initial values for all 
problem variables 
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CUHMÜIM   ITLSTrlOtf IiLfGAi.lA»P6ASrFGAS<(.»l,'\MF3»t»ASVfOASwZ 
CUMMÜIJ   NF ,rMÜrNITfH»XG»rtH»H\/»GGrFOüOt;fiJlALtCUAArDL»_^ 
CUMMUN  3t A(300) »PTX( ^CO)»MP (3tJ 3) »KNP ( 300) r XB ( 300 ) 
tOMMÜN   bPY(3nO) fPlY(3C0) »ZMP(303) r^^l;(300) rYb(30G) 
CuMMO.M  üSi^OO) »lüP(^OO) 
CuHMüN   R(.lbO) rZ(lhO) rKddoO) rZüdSÖ) 
COMMCIJ  UKb(lbö) »UZb(ibO) 
CoiMMÜiN  MIJJÖOO) 
LuwMOiM  RPj. (5U00) n<P?(5000) 
CuMMO.J  UAvo(2500J f\//5iVG(?.50O) 
COMMON  PCp.bOO) »0(2^00) »ETA(250.?) » v(2SjO) »Pbl (2b00) 
Cc-MMÜ!i  ÜIMOKX (2500) » QNOKY (2b00) r Pi4üKX (.ibOC) »PNOKY (2b0n ) 
CüMMO.-J  NPRTA (2b00) »MPK fB (2b00) r MPKl A (2^00) »MPKTB (2500) 
COMMON SNC(2büO) f[>KfD^ 
COMMON NüC(300)»IPX(30O) 
CüHMüN N0LV.1.»NutV2 
COMMON/FLAL.I/PLMGI 

Kfc.AL. iu'o 
iNTEGEis AiiU»OP»CNTHB»i»uR»FjLL»EMP»üAlü»iN,üUT» 
f- KSl.P» NOSLP »EMPBNÜ»Ob» COR»OK r GAS r Ai<tJ 
wA t A   1 NTUF ► CNTRü»bUR, FULL r EMP t liND» I^f OUT, 
hRSl.!JfN0St.P,£MPbNU»0BfC0RrüK»6ASfAKii/lf2»4r8»16»32» 
L>h ,} 2or 25b» 5.12»102H t Z0HÜ»^096 »0192»16304» 327o0/ 
UAlA   MASKl»M/\5t\2»HASK3»MAbKt+»MASK5»MASN6» 
NUvSK7»MASixb/Ü777777777757» 0777777773777» 
0 777777ej77777» 0777777777773» 0777777777767» 
O/77777737777»07777777b7777»0777777767777/ 
UUUBLE   PHLOISION  U»V»PbI»ETA»P 
L'OUBLE  PRLCISION  UK»UL, VB» vT»üüAR» VUAR 
uoUtiLE   PRtCISiOlN   UTOP» VLEFTfVF-üHT 
UOOBLE  PRECISION  TEMPL,TEMPR»UbOT 
UOOhLE  PRECISION  OMAX»wMAX 
Hl=3.1^15926 
l/lALnO 
IYPF:   2 
FORMA 1 UH 
ACCEPT   'W 
FURMAKl) 
FOKMAl(Al) 
IF(NiXE.E^.'N») 
VIPF: 5 
FORMAT(1H   »»INPUT  FROM;«»*) 
'AIXLII   ö».,L)EVi 
Fol^-'Al (A3j 
IF (NJC.VI.LU.'ITY' ) 
IF (NuEV.l.tu.'obts') 
IF(NoEVl.EO.21)00 
00   TO   605 
TYPE 602 
FORMAT(1H »»INPUT FILE;'.*) 
ACCEPT 603»NME 
FORMAT(H5J 
NML=itMEF32 
CACL   IFILE(21»NME) 
CALL GF.N 

NEUTI»I=Ü 
NulM7=P 

------•—■a-i-'""--- 

»»NEw 
UiXE 

GENEFoUOR?» »5) 

00   TO   7 

NüEvl=b 
NDE71=21 

TO oOl 

: 
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OHtrl, 
oo  ro ].i 

7 lYF'i: r.,Ncyc 
Ö I- OI'.MA I (1H 

1 H'Z   9 
y huHMAftJH 

ALCtHT   10, 
IP FUKMAT(AI) 

lF(flYS.Eü. 

11 TrHE   lü 
lü hUkMAldh 

KLMDCULO 1 

15 FUKMAHf) 
lYPE   14 

14 FuhMATllH 
KiiADlWuEVl 
TYHt.   ^4 

lb KUHMAT(I) 
"lYI't   16 

lo F-OHMAlU.H 
KcACJl^uLVi 
Trl-'f   2H 
1 YHE.   17 

17 FOHMATUH 

i;;LAü(i4uEvi 
1 YHfc    24 
T»i-E   ic1 

lo F0UMAH1H 
KEAUtNuEVl 
TiPE   ?4 
lYHt    19 

ly i-OKMAV(.1.h 
KEAUl^uEVl 
1 YHF   24 
If- (NoEN.Eu 
ih (tlGEiM.Lj 

£ly F-OKMAMAl) 
(YPt.   ?J 

ai FuKMAUlri 
KEAUdMuEVl 
1YHE   24 
TYPE ?.?. 

Zk F-0KMA1 ilH 
KLAÜlNüLVl 
TYHE 24 

£j CuiJTiNUE 
«i4     hOHMATdH ) 

TrHE 25 
Zb FOHHATUH r 

KtMÜdiuEVl» 
TYPE 24 
TYHE 26 

2o     FoK^ATClh f 
KEADtMuEVli 

LE 
•HEADY AT C»CLE «»li) 

•CHAHüE RUN TIME SYSTEM.-") 
Yb 

N»J GO 10 33 

•Ülr'ri) 
1.3) UT 

MIO.   OF   CYCLES   üET^'t-EN   £DIli>=»,$) 
1.5) NEU IT 

♦8UUNOAKY   bLNSMG   PARAMETERS» »4) 
,1.3)   EPS1 

•CONvEKOEi'lCE   EP^ILOi^' »'b) 
.13)   EPb2 

•OVEK-«ELAXATlOil   FACTOK=» ri) 
13)   LETA 

«DACKWnRDb   UIFFLI^UCIUG:'« ) 
20)   I-JOEINI 

•Y»)   NGEN=G 
»N«)   NeEN=i 

•FULL CELL tPblLUf l=» » 2.) 
.1.3) SMIN 

•STOP AT CYCLE-»»%) 
,15) IMS TOP 

•PKEbbUKE IiEKAriONS=' r'b) 
15) NPIT 

»NO. OF CYCLES uETritEN LUMPSr',4) 
15) MÜUMP 



r wimßmmmm%mm^mm*m*mmmmmmm 

IMHBBBBÄRtww^ -..- 

2t> 

an 

3^ 
55 

141 

KMAXZ=KMMA-1 
LW,AXZ=LMAA-.1 
k.iAXZ£=KMAA-3 
LN»AÄ<i/:=LMAX-2 
UüKlü-KMAx+LiMAX 
ü ri>'iAA=üK**2:KUZ**2/ IDR**2+Ü£**2) 
Ül»'iAX=.4i:ürMAX/(MU+, 000001 )*RHüA 
D i -. r.* (UT+ü VMAX) -, b*ABb (DT-DT.4AX) 
UfNiAAZüV 
Kr:LAXc,2*HN0A*üR*l'2/DT 
lMliuR-2 

T.-.u=2»n 
Hv = .5 
iF((.>2tn28»29 
CRAKZKHOA 
bO   TU   öt) 
CRAK=v3*Zll.HAXJ 
CHMX=1./CRAX 
bu=G 
IF (I'UAt.E.u.tN« )   GO  TO   53 
CALL EUIT 

Cui-iTlMUt 
CONTINUE 
UML--nME+2 
C^LL  ÜFXLLI22»NML) 
V.fUTL(22)iMbEM 

•.KIT£.(22)NCVCLtrlJST0P»NEDTM»NEDIT»üPE 
rthI ft(22)TIHE»EDTIM»EuOT»HPIT 
^R1TE(2?)bETA»tPb2»DT,VMAA»UMAX»RELAX»Cül 
».R1TE ( 22) bMilNU EPSl» NÜMAX»UdTG» VbTO r UßND r VBND 
v;K 1TL ( 22) UM»hü r RHOA , ÜK» bZ»G»I SEC 
•vKnE(22)VlMfÜIN,DKH»uLPrNßPflJÜRrüDZ 
k.i<l l"u(22)NEXP»NEXPP#NpART»NDI\/ 
rtRn£(22)NeRI0»KMAX»LMAX»KMAXZ»LMAXZfKMAXZZ»LMAX<!:Z 
«KlTE ( 22) ^DMN»LUMN, KÜNiX, LüMX» MESS 

ftRlTE(22)iCRT»XMAXrYMAA»CRT;<A»CRlRbrCKrZA»CRTZiJ 
.<KlTct22)lTESTf IOZ»U»GAMA»PeAS,PüASZfPAMLl»GAbV»t.ASV/ 
v.UITL(22)NFfNofNir,H»XG,HrJ»H,v',G0»FUDüE.,|frAL»CKAX,DELZ 
kji;ITci22)R»^rRb»Zb 
»iKlTE^CjORBfüZÖ 
„RITE(22)M 
rtKlTE(22)PfUrEiA»VrPbI 
rtRIFE(22)DNCRXr DMORY»PMORX»PNORY 

W<lTE(22)uR»ÜZ 
t vü   f- iLE   22 
Ivt.TUi-iM 
Ei.)U 

) 
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* 
* 

* 
* 
* 

m 0.1 

1 

4 

imi^ 

CuhMC.j 
CVMMON 

CuMMC.'J 
CoivlMwlJ 
COMMON 
COMMON 
COMMOij 
COhMC/N 
Co^MOiN 
COMMOU 

COMMON 
LOMNuH 
CaiviM0ivi 
COMtMOti 
COMMON 
COMMUN 
CUMMC'IM 

CuMMOU 
COMMOK 
COMMCN 
CoMMCi'l 

^JV«/AC f NOtN, OAC» VAC, TMl» 1 «2, TM3 
riC rCLE»NjTOPf NEuTMt NEDIT»OPE 
TiHL»EÜiIM,EDDT,NPIT 
bETA»EPüa»DT»VMAX»U|ViAX»KELAX»CUl 
JM iiM»EPS!» NBMAX, U3 TO» Vü7 0»UbND» VBND 

UM,MU»KHOAtüHfQtfüfiSEC 
VIi«i»UlNfUKPfDLP,NüP,UDKrOuZ 
MExP»NEXPP»NPAHT»Ni)lV 
NIGK'    ^.MAXfLMAX»KMAXZrLMAXZ»KMAXZZ»LMAX/:Z 
Küf )(v r LUMlM t KÜMX»LDMX, HESS ( 7) 
I CHI» AMAA » YMAX r CRTUA fCKTRUf OR TZA»CKTZB 
nt:LT»I0Z»IZ»GAMA,PüASfPGASZfPAMB»üA5V,GASwZ 
NF , NGr Nil »11»XG»HHtHV»GGt FUDOE r rj I AL r CRAX»DELZ 

bPXiaOO) fPiX(3Ö0) pKiviP(300) fKNP(50C)»XB(30ü) 
Bl- Y ( 300) , PI Y ( 3')0) »ZMP ( 300) » crtV ( 30C) r Y8 (300) 
LS( J0Ü) »lt^(300) 
K(IbC)» Z(150)iKb(150)r ZB(i5C) 
uKbdbO) füZB(l50) 
M(2500) 
RPKSOOO) rHP2(iiO00) 
UAvf(2ü00)rVAVGi2500) 

COMMON   P(2b^0)»0(2300)»ETA(250ö)rV(2b00)rPSI(2B0Ü) 
COMMON   DNUKXC^BUO)»DNOHY(2500)»PNOKXt^öOC)»PNOKY(250n) 
COMMON NPKTA(250C),MPKTB(2500)»MPRTA(2^00)»MPRTB(2500) 
COMMON SNC(2500)»UK»UZ 
COi'IMCN   NbC(300) »IPX(300) 
COMMCi^   Nühw I. »NL)EV£ 

COMMON/FLAG.l/FLAGJ. 
KLAL   \AV 
IwTEGEh   AMü»OK»CNTRB»bUR»FULL»t.MP»LiND»lN»OUT» 
FKSLP» IMOSLP »EMPBNO»Ob»CÜR»OK»GAS» AKü 
LA TA   ihTI^F»CNTKb»LUR»FuLLf£MP»bNU»IN»ÜUT» 
F KSLP » rjOSu'»EMPBNÜ»Od»COR»oK»GAS»AKQ/1» 2»1»Ö»16» 32» 
Oü »lib, 2bb» 512»iC24»20'+&» 4096» 0192»16304,3276«/ 
UAIA MAbKl» MASKS» MASK J,MASi\4» MASKS »MAbK6» 
MASK7» MASKB/07777777777S7»0777777773777» 
0/77777677777»0777777777773»Ü777777777767» 
0/77777737777»0777777757777»0777777767777/ 
OOUBLL PRtCISlON OMAX»vMAX 
ÜOÜBLi. PRuClSIOU 0»V»PbI»£TA»P 
Pl-3.1415926 
LOGICAu TLST 
PI=3.1415926 
TYPE inoi 
TrPE 1009 
FORMAT(in »♦HEAUING«) 
READ(uutV 1,1.) (MESS(I) »1 = 1 »7) 
FORMAT(7AS) 
FORMAT(41) 
FORMAT(2F) 
FORMA 1 (4F) 
fvl'E Jona 
IYPE iPn9 
FORM/J (1H »'KMAX»LMAX»NEXP»I')OPT') 
RtAD (1 lotV1» 2) KMAX»LMAX»NEAP»MOPT 
TYPE 10 03 

 m --- m      - 
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1003 

10(ii| 

C 
c 

IP Ob 

6 

y 

in 

11 

TYPE   1009 
HuKMAfdH   » •bMlNfEPSl') 
KtAD(NüEVl»3)SMIN»EPSl 
lilZ  1004 
TYPE   IPO1) 
PüRMAKlH   , »fa^rGHfMUfRHOA' ) 
HL/»D ( NüEV 1» 4) GZ»OK»MU r HHüA 

Nfc.APP=iJEXp+1, 
KM^XZ-KMA/-! 

Ky,AXZZ=KMAX-2 
LMAXZ=LMAX-l 
LMAX^Z=LMAX-2 
I4CYCLE=0 
UKiErG. 
INIL1V = 0 

cuTs.ooaoo^x 
UM=MU 
Nt,KIÜ=KMAÄ*LMAX 
lyPE  1P0Ü 
GENERATE CÜORÜINATES.» ANü CONSTANTS 

FORMAT (in f'L'K») 
KfcADlNuEVl»5)uR 
TrF'F   ln06 
TYf'll   1009 
hOHMATtin   »»DZ') 
RLAÜ{NüEVlr5)UZ 
KoKM/kl (F) 
Hti(l) = l../l'>,0**10 
Üü  &  K=.1»KMAXZ 
RB»K+i)=KD(K)+üR 
«-btl)=r. 
C'O   7   LzlfLUAAZ 
^jiL+l)=Z£i{L)-<-UZ 
R(l}:,-.b*Ru(2) 
M.U=-.b*Zu(2) 
üü   B   K=2»KMAX 
R(K)=:(RÜ(K)+Rb(K-l))*0,5 
ÜO  9   L=2»LMAX 
ZiL.) = izü(L)+za(L-in*o,5 
Uü   10   K=.1. rKMAX^ 
ÜHL>(K)u:R(K + l)-R(K) 
00   11   L=1»LMAXZ 
O^bd-UZlL-m-ZCL) 
uu  12 K=l»NGRIü 
P^^)=0. 
U(K)=0. 

t:iM(K)=o. 
PSi(K)iO. 
ütlvG(K)=0, 
\,AVG(K)=0. 
M(K)-0 
L;NORA(K)=O. 
ÜNORY(K)=Ü. 
PNORX(K)=Ot 
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m 
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lb 
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1/ 

lb 

19 
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PwOHVtK)=0, 
L'blMÖ-P. 

uO 15 K=2»KMMXZ 
l;.M=K I KWM 
^■(^M) = (M(KM) .OR.FlhH) 
kcMÜ lu A SEI üh PÜlNfb SPECIFYING A CLOSED CUKVt» LYiiMG 
IM IrtE KLblUN DOüMüEü L.Y KA»Kü»LA»Lß. PAuTlCLES 
üEHENATED AT DENSITY Np**2 INSiüL THIS AREA. 
OF CLOSED r.EGIONS ALLOWED. ' 

Ai<E 
ANY NÜMüEK 

1-1=0 

ViPE 10 07 
lYi'L 1009 
FuKMAl(Ih »,MP»KA»KB»LArLB») 
KEAD (i JUEV1»IS) Ml-»KA»KB r LA, LB 
FuKMAT(til) 
IF(NP)   m 
TiHE.   loot! 

t♦BHXrbPY«) Fol<MAT(lh 
Tr^L   .1009 
FüKMAfllh   ) 
KLAO (IMDEV 1. r ?.7) DPX (1) , BPY (1) 
F0KMAT12F) 
m-2 
KtAD(NüEVi,.t7)üPX(MM) »bPY(HM) 
lF(bf'X(l).ECi,DPX(MM).AMn,üPY(l),Ey.BlJYlMM) )   GO   TO   21 

GO   Tu   J.Ö 
MViAX=isN-l 
DKP=DH/NP 
UI.P=UZ:/NP 
bo   26   L=LA»Lb 
K,V,|V,= (L.-1)*I\MAX 

00   ?b   K=^H»Kb 
KK=K»isMM 
hA=Kc!(K-.1. j-O.S+üKP 
^A = i'.b(l.-l)-«?,5*jLP 
DO   2e   LP-1»NP 
^^=ZA+uLP*LP 
bO   2b   KP=1»NP 

KH=RA+DKP*KP 
ANtoLL=0, 
bb   2u   u^lf^MAX 
Al=BPX(j)-KR 
A2=BPA(J+1)-RK 

r].=nPYio)-^z 
Y2=aF,Y lJfl)-2Z 
CK0SSPaXJ.*Y2-X2*n 
F.VIAG-I A,l**2 + Yl**2)K(X2**2fT2**2) 
F^AG=Sul;:T(f:MAb) 
ALPMA=ASlNlCHOSSP/FMAijJ 
bOT=Al*X2+Yl*Y2 
IF(DO I)22,25»2S 
Ih (ALPHA)   23f2'+f2tV 

IMMMMM ta^uammmm uaa, -i> .    :    - ^^^ , ■ ■    ■...-..i 
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^5 

^7 

M 
C 
C 
C 

inj.(! 

Ob 

37 

C 
c 
c 
c 
c 
3JJ 

3y 

41 

GO  TO   26 
ArlGLE=ANGLL+PI-ALHHA 
OO   TO   2D 
AuOLC=ANüu.L+ALPHA 
CONTINUE: 
1F(ADSIANüLE)-0.0ü01){>H»27»27 
NrNfl 
hPHTA(KM)=NPRTA(KM)+l 
M(Mi4) = (M(KM) .CR.FULL) 
M(KM)=(MI^M).AND.MASKi) 
KPJUNURP 
Ki- 2(N)=ZZ 
CüMTIHUE 
KulV=N 
14PAR1=|j 
bO 1U 14 
CcwTlNUt 
IhPUr CELu 
FüH iNFLüwi 
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VtCLUClflEb. KIrl=0»KOUT=0 FOR INTERIOR CELLS. 
SET KlNrlr FOR OUTFLOW SET K0UT=1. 

V'rl E   iPlfJ 
T)PE   ItMio 
KüRMAKlH   , •KArKüfLAfL.jrUVELrVVELrMli^OUl • ) 
KtAü ( NUE \i 1 > 30) KA»KÜ r LA, LB r uVEL, MEL»K iN» KUUT 

FoKMAT(4I»2F»2I) 
iFiKA)   ot;,00r34 
Ü0   3/   L=L/\»Lu 
MviH=(L-l)*KMAX 
üO   37  K=KA»KB 
KM-K+KHM 
0(KM)=UVEL 
V(KM)=VVEL 
I^(KI^.E^.O)   üO   lu   35 
UJLIMHUVLL 

v ir»=VVEL 
M(KM)=(M(KM)»OR.(KIN*0^>) 
NMKM)=(M(KM).OR.(KüUT*l28)) 
CONTINUE 
t.0 re 32 
SPECIHt A LIKE OF INPUT PARTICLES LYilJO JUST OUTSlJE 
iNPUt LjOUisjüAKY. iMLiPs NUMBER OF PARIICLLSr XXA AND 
YYA ARE "IhE COORDINATES OF THE FIRST POINT. DUR ANÜ 
Uu/ OlVE THE SPACING. 

TfPE 1011 
J^PE 1009 
FORMAT (1H »'IMbPfXAArYYAfuDR^DDZ') 
RtAÜ(NuEVl»39)NbP»XXAMYAfDüR»üDZ 
FORMAi (i»4i:) 
lF(NbP)43,t3r'+0 
MMSMEP-M 
NPART=fiPART+NbP 
DO   41   ii=NPAI-lT»MMr-l 
Kpl(N)=RPl(N-NbP) 
RP2(N)=RP2(M-N8P) 
KP1(1)=XXA 
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f l'?|])=YrA 
KiiXXA+UKj/DK+l 
U=(YYA+Ui)/D^-H 
KM-KI IL-J. )*KMAA 
fidt(J.)iKM 
NFlsTAtM^Ur.JPKIAtKM) fi 

AAh^AXH + L'Jtv 

»■rA=YYA+bu^ 
KPKmsXXA 
KH2(1J)=YU 
Kr(XXA+DH)/jR+l 
Us(YYA>D2l/D^+l 
KM~KI-(L-J. }*KMAX 
lMFKTA(KM)=NPHVA(KM)+i 
l'JtjC((i)=KN. 
fijiVnlMHAHT 
CuNTiNUL 
CAUL &E:ND 
SLT  liübu  AND   uCuKu  FLAoS, 

LuoiLnL TLST 
bU   !V7   L.-2,LMAX<L 

KfT=U*KMAX 
UO  57  K=i:,KMAXZ 
KT-KT7+K 
KM=KT-KMAX 
KJZKM-KMAX 
.UHXul 
II-( (i'UKM) .ANÜ.Üu) .EQ.Ob)   GO  TO   4'4 
CO   TC   b7 
iF(CiHURXCKM))45»49»l7 
Ttbr=(PTX(iSLC) .tU.RoCK) ) .0R.(PTX(1) ,L;<J.|^(K) ) 
IMnt-A.tvi.0)    TLbr=.FALSE. 
Ir- ( ( (MKM+1.) .ANü.üb) .tu.Ob) .OR. ( (M(KM+1) .AND.FULL) .C.j,FULL) 
.t'K.lLSl )   t-O   IÜ   ^9 
MtKM-iDsiMlKM+l) .OH.COK) 
GO   TU  ttP 
ItbT-iPIXtiStC) .Eu.KLitK-l) ) .OK. (PTA(1) .EQ.Hb(K-l) ) 
iFdTrX.e.^.C!)   TLbl = . FALSE* 
iF( ( (MlKM-J.) .ANü.Üb) .Eü.Ob) ,OH. { (M(KM-l) ,AiMÜ.FULL) .EQ.FULL) 

OUK.1U.S1 )   GO   10   f9 
Ni((vM-i) = l|/HKK-l) .OK.COR) 
IFCUNOPYlKi-i) )    b0f54f5i 
UST=1PT^ (iSEC) .Eu.ZßtL) ).üR.(PTY(i).Eo..^ü(L)) 
IFtlTFx.Ew.n)   TEST=.FALSE, 

lF(((M(M).ANu.Ub),EG.OB).uR.((M(KI ).'MMD.FOLD .F.Q.FULL) 
.Oh.TEST)   bO   10  SH 
MlKT)=(M{KT).OK.CüR) 
00   TO   !31 
lE5>T={pT. (lSEC).Ew.Zb(L-l)).0K.(PTV(l).Eü.^3(L)) 
IFUTrX.EUtP)    TESIs.FALSE. 
Ir(H H(Kb <.AND.Üb).EU.OB).oR.(« M(Ku),A^O.F ULL).Ed.FULL) 
.OR.TEST)   uO     0  54 
M(AÜ)=(M(KD).ÜR.COR) 
CONTINUE 
iFdn-X.Eu.i.)   00  10  55 

■MMÜMümiiiniMinittiümt mifn i n 11 ■ i m "-^-"-^"""-■' .■.^.■—     . y 



l^m^^n^^^^pBIDpp^^nviiiuiiiLiuii.iiii    |iu«.i.ii ...tjiimiwi]!<.u.i.iji.«jiu.i,»..i»1jBi«Puj«iii iKfiu^wiiinilniiMi   .1. ,i m j ««iB^aiuiMuaui.iuiuviLu.i.iui piiii...j»iuiaiiuai |i kn JIMUII 

C 
c 

' 

b9 

in.u 

inii 

61 

ü5 

bb 

147 
CO   TO  57 
UbT=((M(KB).ANÜ.COR).£Q.COR).OR.tIM(KT).AND.COR).tQ.COR) 
.üR. ( (M(KM-l) .ANü.COR) .EGi.COR) .OR, ( (M(KM+1) .AUÜ.CüU) .EQ.LüK) 
lF(((M(KNi),AlMU.Ü(J).EQ.uP).ANP,(#IMOT.TtST))   GO  TO   b6 
bu   TO   57 
1 ll-X-C 
uo ro 4«+ 
c oil r 1 .wuc. 
ToKW  OFF   uOB"   FLA&   IN  CONVEX  RlGHf  ANGLE  ÜÜUNüARILS. 

LuGItAL  7A»Tbf IC»1D 
10   59  L=2,LMAA^ 
K7T=L*KMAX 
uü  59  K=2»KMAX^ 
Kl=KTT+K 
KM=KT-KMAx 
Kb=KM-KMAX 
TA=( ( (i»i(KtJ) .ANü.Ob) .Eü.Oö) .AND.( (M(KM-l) .MND.OB) «ta.Ob) 
»AND, i (M(K1 ) .ANÜ.CÜR) .NE.CuR),ANO. ( (M(i\M+l) ,ANO»CüR) .Nt.CuH) ) 
lü-l((M(KB).ANu.Ub).Ey.Oü).AND.((M(KM+1).AND.OB).EQ.OB) 
.AHD.t(MlKM-l).ANu.COR).NE.COR).ANü,((K(KT).ANü.COK).NE.CüR)) 
■•C=( ( (M(KM+1) .ANU.OB) .EG.Ob) .AND. ( (MCKI ) .AlxD.OB) .LQ.Ob) 
.AUD.((MIKM-I).ANü.COK).NE.COR),ANü,((H(Kd).AND.CüR).NL.CJH)) 
lü=(( (M(KM-1) .ANÜ.ÜB).hQ.ÜB).AlMD.((M(Kl ),AND.Ob).hÜ,oB) 
.ANU.((M(rxM+l).AND.CÜR).NE.COR).AMU, ( (W(Kb) .ANü.CüR) .NE.COK) ) 
TtST=((M(KM).ANü.OB).Eu.OB).ANü.(TA.OR.TB.ÜR.TC.OR.TD) 
IF(TLST)   GO   TO   58 
GO   TO   b9 
^^r^M) = (M(^^.) .ANb.ivJASKa) 
COisTiNUE 
IYHE   1(U2 
lY^E   1009 
KORMATUH   r »ICRTrCKTRArCRTKB»CRTZA»CRT^B. XMAX» YMAX' ) 
f'>tAÜ(NUEVl»60)ICKT»CRTKA»CKTRa,CRUA»CKT2drXMAX»YMAX 
TYHt 10.13 
ilHE in09 
FORMAT(IH »'KuMNrKUMXrLUMN^LDMA») 
READ (NUEVl tbX) KDMN r KDMX»LÜMi^ t LüMX 
FukMAT(I»6F) 
FORMAT (m) 
ITESTSO 
Ho/.S=lJoAS^ 
GAbV=C. 
CALL REFLAG 
00 bb L=2,LMAXZ 
KL=(L-U*KMAX+1 
KH=L*KMAX 
IF( (M(KL) .ANü.COR) .Ew.c0R);70 TO D3 
M(KL)=(M{KL).OR.bhD) 
IF{{M(KK).ANU.COR).EG.COR) GO TO 65 
MlKR)=.(M(KK) .OR.BND) 
CONTINUE 
00 69 K=.l,KMAX 
KlrK+LwAXZ*KMAX 
KiZ=K+lLMAXZ-i)itKWAX 
Kti=K I isjv'iAX 
Irl(M(h).AND.COR).EQ.CüR)   oO  To  67 

mmtmm M^iriMmüll ^~~- ■■.- . . ...   .. ..   :   ■  ..       . ,   .■.■.~>1^ri:/;'iidJl'J.a'.i.J.i.ii.'jlI'-^.'.. 



iM-d-KK) .OK.uNÜ) 
b/ lFt(M(Krj.MNü.COH),Eü.COR)   GO  TU  69 

M(M)-(M(K1 ) .OR.ÜNü) 

10i'.=.1 
NIAL=C 
Kl.TUKM 
t.Uü 

148 
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Cü.HMüIJ  NVAC , NöEH, UAC » \/AC , TM11TM2» TM3 
CUi'lMGrJ   NC yCLE »NL;1 UP. NEuTM r NEDIT»OPF 
CON,MOH   TlMH,f-.UTIM,EDul ,MPIl 
CüN.MÜM  ütTA»tP&ürüT.VMAX»UMAXrKELAA,CuT 
COMMON SMiN,E-:PSl»NtiMAX,U8Tü»VBT0»Uü.>lü»VBND 
COKMOIM UM, MU r RHCA » GR r GZ r b r I SEC 
COMMON  ViNr'JIN»üKP,PLP,NBP»ÜÜR,Du2 
COMMON  NE.ÄP»NEXPP»^PAKTrNDlV 

COMMON  NGRlD»KMAX,LMAX,KMAXZfLivtAX^,KMAX7^,LMAX^2 
CDMMON KDMN, LDMi 1 r KüMX» LOMX , MESS I 7) 

COMMON ICtVr»AMAX»YMAX»CRTRArCKTRdrCRTZA»CKTZB 
COMMON HtSTr lO^rU^AMArPüASiPGAS^fPAMBrÜASVrGASvZ 
COMMON NF,NG»NIl,n,XGfiiH,Hv#G6,FüD&ErfJTALrCRAXrD£LZ 
COMMON bPx(300),PlM3Gj)H<MP(300)rKNP(JOO),XB(30Ü) 
COMMON JP,130Ü),P1Y<3D0),ZMP(300) ^.^(300),Yü(300) 
COMMC.J DSI 3r"n , IüP(3D0) 
COMMON M(.rhO) »mtiö) »KodbOfZudso 
COMMON UK«i.il50) fu^o(i30) 
COMMON M(2bou) 
CoMMOu   RPi (S000) »KP?(tJ000) 
CONMUIJ  UAwo('2500) rVAVbiS^OO) 

COMMON  P(2lion) ,0(25001 ,ETA(?5Ö0> ^(2500) ,PSI (2500) 
COMMON UNOHX (250J)»DI^OKY(2b00),PNOKA {25oc)» PNOP.Y(25on) 
COMMON  NPKTA(2b00)rNPRTB(2b0n) ,MPRTA(2b00)»MPRTB(2500) 
COMMON  SNC(2bOO)»UR,DZ 
COMMON NBC(300)»ipxcbCo) 
CuMMÜN NÜtv.1. »NüL\/2 
COMMON/FLAOI./FLMOI 
KtAL MU 
llil EGEH   MNU , OK, CN IkT» bUR, FULL»LMP, vHQ ,iH, OUT» 
F KbLP,NOScPfEMPüNu r OB » COR r OK r OAS,AKB 

DA'F A   iTil RF f CMTRtJ, bUR r FuLL f EMP»bNu r I.NIr OUT, 

'■f^LPfN05LP»EMPüNUr0B»C0R»oKrGAS,AKd/lr2^»ö,16»32i 
^'126,266» 512» lOS^f 20^0,tf096»B192f 16304,32760/ 
UAIA  MAbKl,MASh2»MA5Kj,MAbK4»MASKS»MAbK6» 
NAbK7l.MASKö/07777777777ni7» 0777777773777, 
^777777077777f0777777777775,0717777777767, 
0/77777737777»07777777^7777»0777777767777/ 
UoUBLE  PRtCISION  üMAX»VMAX 

ÜOOBLu  PRECISION  U»V»PbI»tTA»P 
Pl-3.mby26 
U£PSX=#05*uR 
btPSl = .(lb*o/ 
N=l 
IYPE ice3 
FOKMATdii 
fYPE 2001 
f OKMATdH 
RtAD(NuLVi,3) 
FORMAT(2F,i) 
lF(fJSLo)8ü»4»ö 
L-iHJ 
00   lud 
N[jMAA=N-l 
IbLC=0 
L'o   32   1 = 1,NBMAX 

» 'Xb, Yo,iMbt.o» ,3.) 

) 
Xb(N)»Yb(N)»NSEO 

mmm ntJtMütämäamiutammi^^^m 
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1.1 

lö 

m 
15 

ll> 

IV 

lü 
IV 

2(^ 

idl 

iFtXBll + D-Xlid) )10»1H.6 
K J.- ( XtU I) +. "ÜOOOl) /nR+2 
A=IYL.11U)-YJ(1) )/Ul3(lH)-XBU)) 
I.JK=1 

ÜL   i'   K-M,K,?»KUK 
it- (Hn(K)-Ao(i+l)-?.'J?J00l)7f7f9 
MN(=f1(»; r 1 

cVir (hiN)=A.+ Ki«ll'(r'ii'i) >b 
(.UUlliUiL 

bo   10   1b 
KI-(XDU)-,000001)/Ok+l 
Ar( CcJd Ij.j-Yu(l) )/ tXüdl-U-KOd) ) 
Kc= 1 
ü=nj(i)-A*Aü(i} 
ISuK = -i .^^ 

L-o   U.!  K=K1»K?.»KI>K 
1 F ( Rb ( K ) -XL. (1 + l) + . 'J^OOOl)    13 r 11» Al 
NlMiNiNif J 
KMH(N,iM)=hr, (K) 
ZMF(MMj =A*KMH{MM)tu 
KLIMC-ISIM 

Oo>   10   I:J 

KLlNL=n 
CyNTl.luL 
If-(Yb(l + lj-Yhi(I) )20»24,16 
Lj.-( VblDf .OOüOvl)/Oi.+2 
Ai ( xb (I + .1 ) -XB (I) ) / t Yti (1 + 1) -YB (I)) 
L2=LMAä 

özXDCD-A^üfHd) 
LiJL = J 
um 
LO   Iti   L=Ll»L2»LüL 
if (ZrJlL)-Yu(I + l)-.ö03J0l)l7»l7rl9 
r;-h+i 
«.iijl' (i.) Z:Zü 11- J 

LuiNL-U 
00   TO   2ü 
Li-(ViMn-.n00001)/D7 + l 
A=(XL;(liJ )-Xu(l) )/ (YÜ(iH)-YB(i) ) 

b-ALJi i)-/>* ru (1) 
LuL.=-l 

uO   P.P.   L-L.l»L2»ULL 
it- (?.c (L) -Yü (1 + 1) +. fJOOOl) 23f 21, 21 
U=l( + 1 
/.M-(IM)=ZCUU 

Kur'ni)=?NH(.,'|)+/\ + d 

üO   Tu   2b 

15C 
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2b 

üb 

2 7 

2Ü 

2V 

52 

35 
54 
ob 
5fa 

37 

Jo 
39 

«+2 

«♦5 
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LLlNt=P 

Ü0   2b  J=1,LLINE 
J„=J+KL1NE 

üMAX=KLINE+UL1NL 
ÜÜ  27  J=1,JMAX 
ÜS(J; = (KMPUJ)-Xü(l))i<*2+(ZMP(J)-YB(I) )**2 
Ü0   30   N=1,JMAX 
lLST=lfi.C*-*5 
MIKAflSsO 
UÜ   29   HM=1»JMAX 
Ih (üo(MM)-TF.ST)2ö,2n»29 
TLST=ÜS(MM) 
MIKAML-MM 
COHTXUUE 
Rr4P(I'iJ=RMpiMTRANS) 
tUP(N)=ZMh'(MlKAKb) 
üStMTKANS)=lÜ.0**7 
CuNTIrJUE 
ol = IS[:c + l 
u2=ISEC + Jl.iAX 
IM=(I 

UO   31   J=J1»J2 
UziH 1 
fJlX(J)=RNH(N) 
PTY(J)=ZiMH(N) 
CUNTjHUE 
IbEX-ibEC+oMAX 
COHTINUE 
1 = 1 
1 = 1 + 1 
lMAHb(PTA(I)-PTA(l-U )-üEPSX)3b»3b»3a 
1hI Abb(PT r(I)-PIY(i-1))-ÜEPSY)36» 36 f 3a 
IbLC=iSEC-l 
UO 37 j=1,1SEC 
PiX(o)=PlA(J+i) 
P1Y(J)--P1Y(J+1) 
CONTINUE 
lF(I-iSECj3'V»3^»3«? 
II-"(I-ASEC)03r39»3g 
CuNTiiJUE 
lSLCt = ibh.c-l 
ücP=(PTX(lSEC)-i'TA(IbECZ) )*t2f (PI niSEC)-PTY(ISECZ) )**2 

LcP=bOKT(uLP) 
IK lDLP-.2+üK)41f42»'^: 
iStC-lSECi. 
CONTINUE 
ÜUP=(PTX(2)-PTX(1))**2+(PIY(2 >"PTY(1))♦♦2 
UtP-SURHUtP) 
IF (DtiJ-.2*UK)i+JF4.1»i|'f 
1 = 1 
ou TO Ub 
Izli 
1 = 1 + 1 
K= ( . b* ( PI X U + l) +P1 X ( 1) ) ) /UK+2 

. 
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bo 

4P 
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L=(i.p.pnooi*Hi rd) )/DZ+I 
ir((l'lY(i).E^.PrY(l + l)).ANü.(PrY(I).tQ.ZB(L)))bO 10 Uo 
00 U) '49 

Jr IPIA(U1)-PIX(I) )'+Ö^H,47 
NiV| = L>K|^i/\Afls 

KjxKM-KMAX 
L^URXIKM)-", 
ÜN0RY(KM)=3., 
PuUl'X t t^M);, b* {P VX ( X ) f P | X (I M ) ) 
PN0RYli\M)zPTY(l) 
MihM)-(M(KM).UK.üü) 
'•l(KB)c(h{Kü) .UW.CüU) 
bO   TO   UJ 
M'i:(U-J j+Ki'.^XiK 
M=i<N, >-KMAA 
L.NOHX{KM)=n, 

Pi>iUtUlKM) = .b=MPlX(I) KPTX(I + in 
PNORT(KM)=PTY(i) 
rM(K() = (MlKT) .OR.COK) 
K(M'-i)-(["((KiM) .OR.Üd) 
oo   Tu   b^ 
L.-(,bMPlr(IH)>Pl Y(T) ) )/[JC+2 
Kr (1.. OnPCiolkPI X (I)) /DR f 1 
IF((PTX(I).EQ.P1ä<IH> ).AND.(PTX(I),E;Ci.HH(K) ) )iiO   fO  ^C 
du   10   4(1 
lr (P) I (I + D-r I Y(I) )52fb.?rbJ. 
KM={L-.U*KWAX+K-1 
UiHOKXiK^)--1., 
i/Ul/RY(KM) = 0. 
PI>JURX(MV1)=PTX(1) 

PlsOR Y { .NM ) =. 5* (P rY (1 +1J +PTY (I) ) 
h(KM) = (M(i\M) .OR.ÜLi) 
MlKMl-i ) = (,.,( Km+l) .UR.COH) 
00   TO   bJ 
KM=(L-J)*KMAX+N 

Ü^URX(KM)-J., 
UNORI(KM)=ni 

PWORX(KM)-PTAtl) 
PNÜRY I isM) =. 5* {PT Y 11 ♦■ 2) +PTY (I) ) 
N(KM-lj=(M(KM-l).vR.CÜR) 
M(KM)=(M(^M).ÜK.ÜD) 
CoNTlflUc 
00 TO  iij 
COiJTIIJuL 
üA=PTA(1li)-PiX(I) 
ALl/.R-.b*(prX(i)+PiA(I + l) ) 
UY=PTY(U-1)-PTY(I) 
YühR-.j*(plY(i)+PT Y(IH) ) 
i*=XBAR/DR-f 1, 
L^iuAK/D^i-l 
SüM=-YuAK*UX 
1 f '. P T A d + ].) -Ho (^) ) b7. 54» b7 
If (PT Y (1) -/.0 (L) ) bb» 56f bb 
Sul-^bOn-Zn ( L) *ÜR- ( PTX (1) -i<L) (K + l) ) *cti { L +1) 
00   TO   b'+ 
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bb 

b? 
bb 

bc.i 
bH 
61 

bü 

b3 
b»! 

bb 
bb 
b7 

ob 

by 
7C 

71 

7U 

7b 

7 b 
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büM=bUM- ( F'TX ( 1 ) -Ko { K ) J »ZB (L) 

00 TO b'f 
IK (PT V (I. +1) -Zß (u) ) 5"» 3b»59 

bUM=boM- (KU (K+ U -PTX (I+l)) *ZB(L)-(PTX ( i ) -Ho (K +1) ) »Zb (L+1.) 
Ob TU b^ 
li- (PU(I i i )-KblK + l) )o3,bO»b3 
IP(PTY(l)-tb(L+l))&l»o2»61 
buM=bOi.1+ZblL+l)*üK-(PTA(I)-f<B(K) )*ZB(L) 
bO TO 64 
bON=bU|-,- (pi X ( X ) -Kb i fUi) ) *Zu (L+l) 
Ou TO b'-i 
buM=S JM- ( KD ( K) -1' 1 A ( I H ) ) ♦ZB (Lf i ) - (PTX (1) -Kb (K) ) *ZLi (L) 
CJNTIUUE 

LphM^L+l 
it { bOM-bNiI,i) ub» 79r70 

ih (A^SlUf ) -Abb(uX) )b9»tj9»bb 
AF(UY)h7ro7f6ü 
KpRM=f (-? 
GO To 7? 
KPRK-K 
00 TO 72 
li- (ÜA)7l|r7ri»7i 
LpKMrL 
00 TO 72 
LPKM=L.+2 
CONTIMLE 
KM1=L*KMAX>K+1 

S;tKKM) = (M{KKM) .OK. COR) 
XMvG-.b*(p7X(i + 2) fPTAd-l-l) ) 
YAVG-.b*(HlY(i+2)>PTY(i+l)) 
KAVb-XAVC/uR»-2 
LAVG=YAVG/UZ+2 
lr(UPKM.tO.KAVo).AND.(LPKM.ru.LAVo)) GO TO 73 
00 TO 7b 
IbtC=iSEC-3. 
U=IM 
00   7M   jrUflSEC 
H|X(J)=PlX(J+l) 
Pit (0)=PTY(J+JL) 
CONTINUE 
GO   TO   7b 
AAVG=.5*(PTX(I)+P[A(I-I)) 
YAVG=.b*lPlY(I)+PTY(I-i)) 
KAVG-XAVG/oR+2 
LA\/G=T'AVo/üZl-2 
KtEL= ( uAVo-1.)+KN1AX + KA v'u 
KtEL-KCEL+iiPK i d ( KCEL) 
K^PT-(LPK|vi-i. )+KMAXfKPKM 
1KKMPT.EO.KCEL)   00   TO   76 
GO   TO   79 
IbEC-lSEC-i 
Ic=l 
1-x-J 
JO   77   J=IZ»IbEC 
V |/.|o;=PTX(J+l) 
P|Y(J)-PTY(J+i) 

m 
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CONTINUE 
CLiil INUc 
AüMH=.5*(HlX(I + Ji)+PTXtl)) 
t lif-M-. b* (HTY (1 + 1J +PTY 11) ) 
L)A=P7X(l + l)-PiX(I) 
L'i-Pl iTdlD-PiYd) 
LUNTINUE; 
FiV;A0=buHT(ÜX**2HL)Y**S) 
If (FMAvs){Jü»80»ö2 
IUJE   ol 
1-üHMAl (IN   t •FMAO=0' ) 
CALL L.XIT 

COi-iHwUt 
KM=<LPKM-1)*KMAX+KPRM 
K/\Vf. = XbAH/uR+2 
i-Av-'O- »'JAI!/UZI-2 

K LW»R = (L A V v> -',) •+ K M A A+K A V o 
Kr,l0f.-|NM-M3Af% 
f.PhT,". ltxÜAK)=KbIüK 
l'!ll''-1)~(M(KM) .üH.UU) 
üNOWXlr M)=-l)Y/Kl'iAi7 
L't'.'i. v (KrU-^X/i .1^0 
HnUiJAdsMj-AijAi 

li- ( l-lSLCi U'IL^BHrH'J 
CoiMTifiUL 
UU   o/   il-.l, .iPAKF 
Ai^l-J'Kh) 
A/.-RPaiN) 
L-:,\fi/'jt \2 
K=AK/Ui(f2 
KuAI^-lL-.'' ) *KMAX+K 
KSrCKsiNPHTöiKÜAH)) 
KM-KüAIM-KSIOK 

11-( (l'i.ORXiKM) .NL.Ü) .OK. (üNüRY(KM) .ilL.O) )   bO   TO   85 
bü   TU   1.7 
PjOTn- i XK-Pl lüKX (Kh) ) *üi40RX (KM) + (XZ-PI IOI«Y (KM) ) *DNORY (KM) 
11- ( PLiOTM-tPSl) Ü6»Üö» 37 
M(KM)^(M(KH).ÜR.AhB) 
CüNTlNUE 
FüKMAl(1H   »2K) 
il- lNSc\i-2)Ü0f irl 
CONTIMOE 
FüRMAT(lH r3F) 
hOKMAi (1H fi[\-) 
RE1NRH 

Ml - ^ J,J^,....^.......^„...„,: ,      ,s 
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SuuRCUIltMt   KH>LA6 

COKMCN NV/ACfNbLi-)rUACr VAC rN,l,TM2» 1M3 
COMMON NCYCL£»NbTt'P»NEüTM»MEOlT»ÜPe 
COMMON riMLrF:üTlMrEDjT,NPlT 
CCMMOU BETA»EPSki»bT»VMAX,UMAXrRELA>.»CUl 
COMMÜU SMj;WrEPSlrNoMAX,U8TUfVBr0»UüiviDrVBN0 
C0MM0i\l UM, MU f P.HOA»OR»ü^.t G»1 SEC 
COMMON vIN»UIN,UKP» DLP,NBP,DDR,Duz 
COMMON  NEXP»NEXPP»NPAR1»NDIV 
C ^MMON   NGRlO» KMAX» LM/\X r KMAXZ r LMAXZ, KMAX7Z, i_MAX/lZ 
C „MMOi i   KiJ,.|L, LDMN» MJMX»l.OMX, MESS (7) 
CCMwiOl.   ICH I . XMAX » YMAX » CRTKA f CR FRü»CRT ZA r CRTZd 

ITtoTrlu^»IZ»eAMArPGAS»PGASZ»PAMO»ÜASV»üASvZ 
Nh r UG f Nil,h,XG»hH,HV r GO»FUüoE»N fAL»CRAX.DLLZ 
üF'A(300) r P VX (300) f RMP (300) f RNP ( 3C?) » Xü ( 300) 
ljFU300J fPTY(300) »Zf.lP(3Cö)rZNP(50:>) rYL5(3G0) 
DS(3Püi »iu^CV.iO) 
R(lbC) fZ(?.iO) »Rrt(150)»Zd(l50) 

COMMON üR[J. d.so) »o^üdoo) 
Cui'KOIj   IvK^bOO) 
COMMON RPKSOOO) rRP2(5ooo) 
Ci/^iMON  UA\/o(250C) »V\VG(2500) 

CUKMO^J  P(2b0()) »LC^jOi) rETA(2S00)»V(i>50C)   PSK^SOü) 
COMMON  DNoRXCiiivO) »ÜMURY(2500) .PN0RX(2500) »PivlüKY(2,3Cf>) 
COMMON  NPRTA(25üO)»NPRrB(2500),MPRTA(2öOO)fMPRTR(;'5nO) 
COMMON SI\C(?.5ü0) »üi<»fjz 
COMMON Nbc(300)rIHX(30O) 
COMMON NLtvi»Nütv2 
CUMKON/FUAOVFLAGI 
RLML MO 
1 ivTCGER AUu , OK # Ci\ i RO , SüR»FULL, EMP, oNU »IN, OUT, 
FKSLP, f JOSuP»EMPoNC,Ob »COR»OK r GAS»ARB 
ÜA'fA INFKI- »CNTRb»SUR»FoLL»EMP» jNüf INfOGT, 
FRSLP, |JOSLP »EMPBND » Od »COR»OK, GAS»AKB/1 f 2»'•+» ß, iu»3P, 
fc'+».l2H»25b.5l2»i02it»^Ö4«»H096»al92» 163«^ »32768/ 
OAFA   MASKl»MA5K2»MASK3,MASK^fMASKS»MAsKG. 
MASK? fMASKÜ/0777777777757» 0777777773777» 
O777777o77777»0777777777775»0777777777767» 
0777777737777»07777777h7777»0777777767777/ 
DOUBLE   PRECISION   uMAX,vMAX 
U'jOilLE   Pl^tCISIUN   UrVflJbI»EFA»P 
Fi = 3.l4.lb026 
LOOlCAL   TArTbr TC» rV»Ti1»TESr 
LuuICAu.   AlJ »AA,Ab,AC. Ao 
00   23   L=2,LMAXZ 
K,»'IM=L*KMAX 
ULI   2.J   ^■:ur^<'^'AXZ 
K (sK+MM 
KM-KT-KMAA 

Kb=KM-KMAA 
If((M(KM).ANÜ,SUH).Eti.bUR)   GO   10  2 
00   10   )j 
lF(til-'RrA(KM) ) 23» 3» 23 
If-( (f-MKM) .ANU.OiJ) .EO.Ob)   00   TO   4 
oo   1 0   b 

lElST=((M(KM+l).ANlJ.COR).EU.COR).OR.((M(KM+l).AND.SUR).tO.SUR) 
.oK. ( IM(KM(-.1.) .ANÜ.FULL) .EQ.FULL) .OR. ( (M(KM+1) ,ANÜ.BNü) .EV..üND) 

MMMMteüM 
.  ,,,   . 
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7 
9 
11 

Iwi 

1H 

16 
17 

iy 

Ü1 

20 

* 

+ 

GO   Tu   6 

V(KM)=0,0 

GO   lü   1^ 

TfcS7-ri-Sl .ANL.. ( ( (M(KM-.l) .AwD.CüR) «EQ.CORJ ,UR,      156 

l*''<KM-lJ..Vlb.«iüR).P:Q.i,UR).OH,((M{MV|-l).AWü.FULL).EQ  FULL) .ul'.. ( (N.dsl.-.U .AlMÜ.bMü) .Ew.üNO) ) ^.ruuui .LU.hULL) 

l-S.l:TLbl .AIIU. ( ( (f-KKD .AIMÜ.COHJ .toi.COlO .OK. 

.t'K, ((IM(KT) .ANü.tiWü) .tu.riNO)) 

;ti.l^THS7.ANli.(((M{KU*.Ai>JD.C0R).ey.C0R),0K. 

lF(Ti.Sl )   „u   1 j   23 
fn(KM) = (MlKM) .üf^.ENiP) 
tv!{KM):(Mii;t.iJ,ANU,MASKi) 
M(KM)-(M(KNi).AI^u.|viASK4) 
P{KM)ri).c 
i F ((r, (KiVii j). AND . EMP ), t:u . F Mp) 
fvo ro 7 
CüuTlNuE. 

1 f- ( ( M ( KM- J.) . AIMD . EjviP) , tu , £Mp) 
IM (MKT), AND,EMP) ,Ew.EMP) 
iF( (M(Kb) .ANü.EMP) .EtUEMP) 
tio   TO  2J 

it-( (MlKM).AND.EMP) .EU.tMP) 
00   TO   ?.3 
HlNM)-0,C 
NNMXliPRTAtKM) 
IF UHji.) 15,23» ib 
MiKl1^(M(KM),UK.S0K) 
M (KM) = (M (KM) , ANU . MASK JL) 
J.-KM 
VbAK=VA\/0(u) 
VbARSbbAH/NNN 
UbAR=UAV&(j) 
UdARrUtJA^/wHN 

lM((M(KM+l).ANü.t-:MP).E^.EMP).0R.((M(KM4.1).ANU.OU|).FcJ.0OI)) «U     1 J    J fj 

OO   TD   17 
0(KM)=UbA(v' 

tut U1\Ku'X! •^•tMP) .EG.EMP) .OR, ( (M(KM-1) . ANO.OUT) .FO.Ouf) ) 

itiUJ=iB^,ANü,L'MP,*E^-EMH,*0H-nmKT'-^ 
l^lul-^V •AlJU-f;Mf> .^.EMP) .OK. ( (M(KB) .ANu.OUD .E^.OUT) ) 

CuhTIUuE 
UO   47  L:2,LMAA^ 

KMM=l.+^MAx 
00   4-7   K=2,KMAXZ 
M^KlKMM 
KM^KT-KMAA 

Kb=KM-KMAA 
•If (NPR7A{^,'))   2ifH;7»24 
IF* (M(KM).ANü.FULL).E«.FULL)   Ü0   TO  2b 
00   TO   30 

iF( (K(KM+.l),Ai-iü.EMP) .Eü.EMP)   bO   TO   2" 
0Ü   TO  gb 

iF((M(KM-l).AMj.EMP).£^.EMP)   GO   fO   <i9 

jjajfetiriti-Virrtl 
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32 

34 

3b 

3 V 

3b 

4o 
4 7 

46 
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lF((i«i(KT),A^Ü.fi;WPj«EQ.EMP»   60   TO  29 
IM (M(Kb) .ANü.tMP) .FTO.tMP)   GO   TO   29 
OC   TO  M7 
H(KM) = (MIK.M) .UK.SUK) 
M (KM; - (M (K-t) • ANU. MASKS) 
P{M4-P,0 
bO   TO   47 
iP((M(KM),AMb.Üü).EQ.Oj)   00   TO  47 
lK((M(Ki'l) .ANU.bUK) .EO.bUR)   GO   TO   32 
00   Tb  'J7 

F(KM)=0.n 
IJ-n 

iF((M(KM.|i) .AlMb.EMP) .tu.EMP)   GO   TO   47 
IMd'KKM+D.ANU.FULU.EQ.FULU   GO   10   34 
CO   Tu   \J 
SwH=SfP+P(KM+l) 
\'-.\\\\ 
lr ((ivIlKh-l) .ANU.EMP) .Eu.EMP)   GO   TO   47 
IF ( (^.IKM-l) ,ANü.FULL) .EQ,FULL)   GO   10   J'i 
00   TO   38 
&bH=SGF+Fl^M-l) 
W-uM 
1F( (r^M ) .ANÜ.EMP) .EQ.LMP)   GO   TO   47 
lF((Ni(KT).ANU.FuLL) .EU.FULL)   Gb   TO   40 
00  Tu  41 
b0P--GoP+PiKT) 
N=N+J[ 
lF((M(Kl3),ANÜ»tMP).EQ.EMP)   GO   TO  47 
IF ( (MlKd) .ANU.FbLL) .Eül.FULL)   GO   Tb   43 
bo   TO   i+4 
Sül:=SüP+PlKt33 

M(KM)={M(KM).bK,FULL) 
M«KM) =. i M (KM), ANU. i^iASKo' 
M (rsM) - ( M (,vv ) , AIM Li. N,ASK4 ) 
li- IN)45»4b»46 
P(KM)=C.O 
00 TO 47 
P(KM)-SGP/N 
COKTIMUt 
00 6b L=2,LMAAZ 
KTr=L*KMAX 
DO bo K=2,KMAÄZ 
KT=KTTt-K 
K,VI=KT-KMAA 
Kd=KM-KMAA 
!.-( (w(KM) .AUb.bD) .EQ.On) 00 TO 48 
00 TO bb 
AA=<IM(KM).ANU.OK).EO.uK) 
TA=( (M|KM-K1.) .ANu.Ob) .Eu.Ob),ANü.( (h(KM + l) .ANU.LMP) .EQ.tMP) 
1ü=( (M(KT) .ANU.Ob) .Eu.uB) .AND. ( (M(t\T) .ANU.EMP) .EO.LMP) 
T^=( (M(KM-.1.) .ANU.Ob) .Eu.Ob) .ANU. ( (M(KH-l) .AMU.EMP) .EQ.EMP) 
Tw=;( (MiKü) .ANU.Cb) .Eu.uB) .AND, ( (M(Ki3) .AND.tMP) .EO.LMP) 
1C.STSTA.0H.TB.UH. i C.UR.TV 
M (^M)-(M(KM).ANb.MASK?) 
1F( ( (M(KM) .ANU.Ub) .EQ.bÖ).AND.( (H(i\M) .AND.ARB) .Eu.ARB) .Auj. 

i 

liiiüwrn IIT I um i WlÜillllltftrifWlfTlIili ■'ww""'*"   -" A 



■MMMMMmmMAi 

1 SR 
* (.WOr.Ttbl ) )   |vl(KM) = (MtKM).üR.0iO 

TtST=.FALbK. 
It- (DNüKX(MM) )'49ol»50 

W IF« (^^M~l),ANU.EMP).li-oi,F.Mp)   TtSTr.TKUt, 
bü   Tu   b.l 

^f ir ((N.i^M-..r) .ANü.LMH) .t^.EMP)   rt;si = .TRijL, 
b J, 1F (DNUK Y {KW) ) Lü »54»'.lü 
^«^ lF((lilKB).ANü.tMP).EQ.tMP)   TrSr=Tl£ST  0K,,TKUE. 

t-O   FC   5'> 
W le((M(KT)./NU.LHP).FU.LMP)   T^Sr=TEST.JK.,IKUE. 
bH JF ITL^I .AIJÜ, ( (M(Kivi) .ANU.OK) .F.*.OK))   M(KM) = (M(M-)) .AND.MASK 7) 

ir { (i«l((0M) , \fJÜ,OK) .EO.OK)    OÜ   TU   56 
P(KM)=0, 
to   TO  bO 

bb 1tST-<AA.t». .FALSE. ) .AuD. ( (MCNM) .AI.D.OK) .tu,OK) 
IhdEST)   uO   lu  b7 '*     *•* 
('C    10   6« 

b7 hill 
Sh=U, 
II- ( ( (i'MKf) »AMÜ.OK) .EO.oK) .OK. ( (M ((U 5 . M-ID. FOLD .EG.FULL) ) 

* tu  lo ba 
co ro by 

NiWI 1 
by IF( ( (M(Kü) .ANU.OKJ .Cw.oK) .OK. ( (M(KL') .'\,>JD.FÜLL) .EÜ.FULL) ) 

* Uü   TO   60 
00   PO   61 

bP S)P=SP>p{Ko) 
h=iM+i 

bl iF(<IM(KM+1).ANü.OK).cj.OK),0K.((MlKM+1).AND.FULL).Eü.FUuL)) 
* oo  ro 62 

00   10   h3 
t>ä SF=SFH'(Ki.|i-i.) 

IM=IM+J 

bo li- ( ( (H(KM-.!) .AHJ.UK) .LucOK) .OK. ( (MtKM-1) ./\UD.FJLL) .EQ.FUi-L) ) 
* 00   TO   64 

00   TO   ob 
bH SpiSHtPCK,.)-'.) 

h = IJ+l 
bb li- (ll)Oü»ba»bü 
bb i-(KM)=SP/i«( 
bo ColvIIrJUL 

CALL   ^ELbh 
uo   71   L=2,LMAA^ 
KMM=tL.-l)*lsV,AÄ 
Üü   7.1    K = S.»KMAX^ 
Ky::K>t\MM 
IF ( ( (MlKMj .AMU.EMP) .EU.EMP) .OK. ( (M(KM) . AKu.SUK) .Eu.SljP) ) 

*■     00   10   69 
co ro 7i 

b9 ir ( (M(KM) .AND.AKÜ) .EvJ.A^d)   GO   TO  71 
P(l\M)-PHMd 

71 CONlliSlüL 

ENL 

L 
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bUüKOUTIN£   EÜlI 
COKMüM  NV'MC »Ndtnr UAC »\/AC , TMl» TM2» TM3 
CüNiMüK  NCYCLE»NSTOP»NEuTM»NEDII »UP£ 
COiMKC.^   TiMLrLUTIMiEDJl ,NPIr 
LoW^CU  Bt 17WtPS2ruT»VMAX,UMAXM<ELAXfCUT 
CöMMCN   &Miw,EHSl»NUM«X,UBTürVdrO»Üü^ÜfVBNU 
COMMCij  UM,MU»RHuA»ei^GZ»e» ISEC 
COMMON VIN»UINIUKP»OLH,NBP,DOH,Doz 
CuPtMÜh  NL-.AP»NEXPP,NPAK| »NüiV 
COMMON   NGRlüfKiMAXrLMAX,KMAAZfLl.lAXZ»KMAXZZ,LMAX/:Z 
C QMMON   KDMN» LUMN r KLiMX »LDMX , MESS ( 7) 
COMMON   rCHI »XMAXrYMAX»CRTKAfCKTRb»CRTZArCl<TZd 
COMMOH   I! tbT»102r i/.r GAMA»PoAS»PGAb-ipPA^B» OASV» oASVZ 
C OMMON   IMF , NG r N1 I n I» XG »i |H, MV r GG, FUOot: r NTAL» CRAX »ÜLLZ 
COMMON i3PA(3no),PTA(30o) »KMP(3aO)»Hi>jP(300) »Xti{300) 
CowMON  aPt (3UU) rPlt (300) »ZMP(30a)»ZiMP(aOC) r YD (300) 
COHMOI')  uS(300) »ibP{3CC) *" 
COMMON R( ibr») »zd^O) »HL>( 1^0 »2j(i50) 
C OMMON UKU (1,50) »UZt (150) 
COMMON M(,?b00) 
CoMMOri   KPj (5000) rHP2(5000) 
COMMON UAvo{2boo)»rfAVGi250f>) 
COMMON P(?bnO)fU(2500)»ETA(250:)rV(25öC)rPbi(^50C) 
COMMON 0NOKX(25^0)rONOKY(2büO)»PNOKX(2500)rPN0RY(25nn) 
COMMON NPRTA(?5vO) »NPR|B(250P) »MPKIA(i;50C) rMPHTB(2500) 
COMMON SNO(250OI»üR»üZ 
COMMON Nbc{300)»iPX(3eo) 
COMMON N0EV.IINUEV2 

CO.MMON/FLrtO.l/FLAGl 
HeAC   MO 
11^ f Ef;ER ANü r OR»CN1 KB i buR»FULL»uMP r oAO»IN»OUT t 
FKbLPfNOS^PfEMPjNLfOurCORrOKrGASrAKB 
0A1A 1NTRF f CNTHti» SUR r FULL r EMP t ,3NÜ f INi GOT, 
FRbLf » NObLP»EMPüMO » OB f COR,uK r GAb r AHB/l»2 » 4 r 8 »lb r 32 » 
t'f»lL.sf 256»512»1024» 20^^. 4096^3192»163ii4r 32760/ 
LAI A /,AbKl»MAbK2f MAbKo, MAbfv^»MASKS»MAbK6, 
MASK 7, MAbKc-/07y7777777757 f 0777/77773777 r 
0777777677/77»0777777777773»0777777777767» 
0/77777737777»0777777757777»0777777767777/ 
OüOüLE PRECISION 0»V»PbI»ErA»P 
UOüßLt PRECISION VMAX»uMAA 
Pl=3.1/415926 
IwRlTE (22» 1) 
FORMAT(iH »»EUII») 
FuRMAKlH » ,L='»l5»5X»»K»ETA»PSI»UrV#PfX OK K » UPART, VPAR I • ) 
F0HMAI'(1H » »CYCLES IB» • TlMESL»' UTSL,» NPART'» 
Ur)»' PAMb'»F) 
V.RiTE (22. 4) MC YCLE r TIME,DT» NPAK F»PA.-ni 
Kr,irE(22»7)RH0A»Mo 
FORMAT(in ^bXf•KHOA=,»E»• MU=',E) 
irfHlTE{22»ö) 
HuKMATdH   »»SURFACE   PARTICLES») 
MN.-U 
00   .14   N=l,NPAKr 
XA=RPi(N) 
Yr-PP2(N) 
KzXX/uK+2 

Jill lifiMltiniiii'ir-'ii   ' «««ÖÄiiiiiiJliuii.-, 
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y 

in 

11 

i^ 

13 

m 

ib 

ib 

17 

lb 

ly 

an 

3 
21 

.»■. 
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14 

MU=» 

L-YY/ü^ + '» 160 

K.M=K» (L-1)*KMAX 
It-( (M(KM) .ANÜ.SüR) .EQ.i,UK)   GO   TO   9 
00   TO   \.i[ 
KM=MM+j 
CO   TO   (10,11»12),HM 
Xl-XX 
Vl = Y. 
tiü   TO 
X.?-XX 
r?.=YY 
GO TJ 
X3=XX 
,l3=Yt 
M=P 

h 01 .MA r (1 f I   , qX, 2fc; r2X» 2E, 2Xr 2t") 
WMlTU82f U)X.l,n»x2»Y2»X3,Y3 
(.tiUTiNUE: 
UO   27   L=i_jM(M»LüMX 
M'r=lL.-l)*KMAX 
lNHiTt:(22».lh) (MEbS(l),I=l,7) 
FOkMAV(lh   »7/\ü) 

WKiTi(22flMZlL)»hCYCLL»TlHt',Mu»UHUA 
FokMAKlH   »»^St-.,»   CYCLES«, I,»   TIME='.E,« 
Lr'KMO-«,!:) 
rtRiTE(22»2)L 
Uu  21   K=KOMM»KUMX 
KH^KlKTT 
UPMR1=UAVti{KH) 
VHAHr-VAVo(KP) 
NH-NPKTA(KH) 
ih(NP)17»l7,lt) 
UPAHV=P. 
VPART=(>, 

Go   TO   19 
OP/^Ri-GPA.vr/NP 
vpAKT = VFA|<T/NP 
TEST=(U(KH) .NE..O) .OP. tV(KP).NE.O) 
If- (TLbT)   bO   TO  20 
to  TC;  £3. 
CONTirJUE 

rtf-;iTL(22r J)KfErA(KP),PbI(KP),U{KP),V(KP),P(KP),R(K), 
Ut'AKT, VP/\Kl 
f-OHMAl'dH   »IlKiElÜ.n) 
CoMTiiluE 
Xr lOFI.wl .<})   OU   TC   22 
OO   TO   ^7 
AKlTt.l22r23)L 

roKMATjlH   »'Lz'rl1:, •Kf|-ULL,SUK,li;MP,üü,OK,AKß,CORrUIMD.IU»OUl,GASf 
fc.^lPb^1vrbNc^MPT,KMPK,Di^lOKXfüNORr»Piv)ORX,PMOKr,OBl^lD^Vß|gü, ) 
DO   2h   KsKL/MNrKDMX 
K,.|=K»KTT 
TEbT=(iMpKl/ (KM) .NE.O) .OR. (AND(wl(Kw) rCOH) .Lu.COK) 
.OK. (ANU(M(KM) ,ÜB) .EQ.OBJ .Oi?t CA.ND(W(KM) f SUK) .LJ.SOK) 

.OH. (AND{IV,(KM) »FULL), tu. FULL) .OR. tAND(H(KM) »BND) .tQ.öUÜ) 

.OR. (ANL(,v|(KM) ,iN) .EQ.iN) .OR. (AND (MtKM) »OUT) .LO.OuT) 

.OK. ( .IMOI , IANÜ{M(KM) »EMP) .E^.EMP) ) 

i in       iimiiitii ta^la.a^,^,.... - -■-.... ^... ,^^^.*,^^^™.,J.^...sa^i^^m,a 
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Ir ( TLol)   o'J   TO   2^ 
ou   TO   26 

2«* MA=0 

IF (AI\J(M(M-I) »FULL) .FQ.FULL)   MA=1 

IF tAiMu(MlKM) »bUK) .tQ.buR)   Me=l 
f-iC = ü 
IF (ANa<M(Ki'i)iEMP) .EQ.EMP)   i*iC = l 
N.j-0 
ir (AML/(M(|'^I) rüo) .EU,OB)   MÜ=1 
N.u-O 
IF (AI>.U(M{KM) »OK) .Eu.OK)   ME=l 

iF (Aliu(M(KM) »ARb) .EO.AKB)   MF=1 

IF (AMbiiVilK^) fCOK) .EQ.COP)   MG=1 
Nl-iSO 
11- ( Ahw (MI KM »otiu) . EQ. dND )   MHs 1 

IF (AiJü(M(K^)»lN) .EU,IN)   MI = 1 
Mj=0 
IF (ArJU(M(Klv.) »UU1 } ,EQ,ÖüT)   |V|J=l 

IF (ANQINUKMIOAS) .E0,ÖA5)   .MKZ! 

ML-O 
IF (AI\U{M{KIVI) »EMPLJNU) ,Eo.Ei'lPdND)   ML=i 
Ni,v|-SNC(KM) 
KA=NPKiA(uM) 
Mn=NPKTü\KM) 
»•Hi Tu (22r 2b) K»MA»l-lb»MC , MD»ME»Mp»MO»MM»MI, .»U»MK»ML, 

* MM»NAfKbrüNORX(KM) »üNOKY(KM) rPiMJHX(KM) »PLüUY(KM) 
2b hüKMAKlH   rI5»lX,3ll»iX»4Il»lXr3IirJLXrJll»lX»213» 

* ^F) 
2o CONTINUE 
27 CONTINUE 

It PL   2b.MClCLL 
HFnE(22»2o)NCYCLE 

2a FORMAT(in »'Euir COMPLETE FOR CYCLE«»x^) 
Euü   FILE  ?2 
Ku 1 UK.-i 
LNU 

I 

mmm ^.-, ^ ■^.^■^ak^^M(M.||,||Y.frJ^i^.^t-.-..,- ,. v..^-.^.>...^J.A<>aaa.,J;..-,tu.^...^:.a.J...,.. j 
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APPENDIX III 

THE COMPUTATIONAL PROGRAM 

Routine Name Function 

MAIN 

PRES 

VEL 

VEL55 

NOSLIP 

Read in data from initialization 
program, compute ETA and PSI values, 
controls other computation. 

Pressure Iteratxon 

Velocity computation 

Free surface velocities 

Takes care of no-slip boundary 
condition 

>^«»Mi*^fa«>^"-^"- »..-^v.^^^...,.„,.....,.  
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Cuy.MON   iNvaCiNüdfliUACr VAC»TMlf I'MSrThS 
C '.^.'"K'.'l  IIC YCLE» MSTOP» I ItiüTM f NED IT »UPE 
CO^MOrl   T I.V.L. r EU riM»Lüo f, NPIT f NI I EN 
COMMON   Btl /^ f EH'ii! r üT » VMAXf UMAX » KELAA r LUI 
C'JMMÜN   SMlurtHbiflJb^AX.UOTOf VbTOfU^.JÜ»VBI.u 
(. Of^MOI i  UM» IMU »KHOA r ol^ r liz r G»1 SEC 
t (.ivlviOu   v IK. UlN» üKh r OLP, NBP»DOH »DUZ 
CCMMÜN  NExPiNEXPPiNPAKl»NÜIV 
toMNIOw  NüKiD»KMAX,LMAX, KMAXZ»LMAX2 r KMAXZZ» LMAX^Z 

C (/MMC'i.  KUMU »LDMro M)MX r LDMX r MF.SS (7) 
C()W«,UH   i CH V , XlviAX» i MAX» CRTKA »CK IRti r CKTZA » CKTZu 
CJIMMOH   ] TLST»10Z»IZ»GAMA»PüASrPGAb^fP<\iMnfOMG\/,oASvZ 
Lul'iHOiJ  NF »NöfNl T »H»Xö»HH»HV»GG .FUüuLnJTALf CRAXrOLuZ 
COMNuil  Kllbn) rZllliO) f No (150) rZddbO) 
COMMON  UK.idüO) »O^cJ(löO) 

L^MMOrJ  fM^OOO) fwtrSC".) ,FTA(250'J) rV (2500 »PSIUbuO) 
CwMIIOi'.  IJMoi>X { ?.b:.C) . PNOKY ( ibOO) r PNOKX (2500) r PiMOKY ( 250, 
CvWMÜN  üW,uZ 
C^I'LIÜU   Nütiv. IfNutVC 
to.-iMOIi/FL/\^.1./FLMGl 
cUi»iMOi>;/V|uTH/Mu Hi 
LgMiSOi-i/F Lüt>/"t 1 r r liürlP, NLÖT» hSTP r UPJ>, 
LjHMwiVSTjrF/l-NKOKSfiiAwErDiVS» </CHM»UCHl») 
C'jKKON/MüubE/INX»XNYp IljSwrbWSTAT 
C^h|vWN/LGj^>/PMXrÜMX, VlAf PMXl»U,-|Xif wMXl 
COMMON/NX/UTMAä 
Ljt iCAu.   Hi» NUMI • r I iKOT » MS TP, NPIi-1 
1.001CAL NKia 
HLAU   iviu 
1 ^ 1 t'Oth   AMÜ »OK» C.MI KB» ^JR»FJLI..» EMP»bWU »IN» OUT f 
f- RSLF » IMOSLP »EMPbNu» Oo » COR» uK» GAS»AKÜ 
L'A IA   il\i IKJ: , CNTRU r SUP, F jL.L»£MP r jNb»IW» OUT, 
FpSLP »KÜbur »EMPbNL) f Oü » COR » oK f OAS » Al\i)/1.» ?.» 4 r t!.» 16 f 32» 
b'l r .12c-., 25b F 512» iC2U» 2y4r), 4096» Üi92f 1630^» 3270»/ 
L A I A   HA 5K 1»l-IASh .. r MASK 3 r MAbK4 r MMSKü »MASK6» 
MASK/»y.Ai^b/ÜTTTVTTTTTY^VfU???777773777, 
0/7^777^77777»0777777777773»0777777777767» 
O 77777 7737/77» 0 7777^77b7777f 077777 7767777/ 
CALL   PbEUj 
TrPF   JIU 
FüKhATdll   r'PKüCEbS   OK   EXAMINE?'»S) 
ACCEH   302» 1Ü0 
f-^hMAT(A.l) 
If- (lüu.EU. '£♦ )CaLL   EXAMEN 
(T^L   i 

f- 0KM(\ I (J.li   » 'AUMHC« ) 
hHE   2 
F-uHM/MUH   »«SAVEU)  CORE.-''»ib) 
ACCEPT   3»H'rS 
f-üKMAl (Al) 
IFiNYS.EC.'Y')   Ob   TO   32 
(•■uaül=n 
fYPE   4 
h0Hf.AT(lH   »'INPUT   FILE^Si) 
ACCLPT   SiUAME 
FüKMAVCAS) 

■        ■ ■■        .,:.. 

i^^ii.^^.^^^ ,:-■;: s-.^^.._],r. a.'^.^^.ai^iiJUtto\^.^^t^ 
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ti 

9 

on 

dp?-: 

164 

itAMl;:i=ilAMu-2 
CAL.L   XFILtlS^rHrtMLl) 
l<L/vr.)ir:?)lvloLM 
Kt/a) 1122) NL f Cl-£ rUbl OP, HLPTM, NED i T» UtJ£ 
Kb AD ( SM) T i C Fü I IM r FDD T» MIJ1T 
f'-LAD ( 2?.) üLl A» EP'JÜ»DT, \/|ViAX f UMAX, RELAXr COT 
Kt;ALl(22JS,v1iNfEPbi»NBMAA»ÜQT0»VdT0»U(3flD»VF>Wu 
KLAD 122) U.Mf MU, HI IDA»GR»u?. ürISF.C 
KLAU I::..') v i.MJ1 n, üKPf ULP»NdF f DDKf DD/. 
KE.AD(22)Nt.XPfH£XPP»NPAi(TfMüIV 
KiAr-'(2^.)N«KIlJrKl.iAA»LiMAA»KMAXZfLMAAZrl<MAXZ^»LMAXZ^ 
Ht.AJ122)KU'viN»LuMN,KDMX,l.0MX»Mb.SS 
KcAU 122) ICRT > XMAXr YMAX,CRTKA r C^TUb» CUT^A r CKTZLJ 
Kb.ADl22) AltSl r lOZfiZrGAMAfPGASfPGASZrPAMBrbASVrGAoVZ 
i-.LAD ( 2v) lif■»iibr WIT»H»XG»HHH|VrGü»FUDGE»HTALrCRAX»DLLZ 
(;EAn(2?)K,ZfKu»Zb 
►•.1_AL/(22)üHH»DZD 
f<L«D(22)lvi 
I.L/u;(22)K,0,r-.TA,V,PSI 
l->tAD(22.)ül^ur;XfD.iüi<YfPN()PXrl'N0UY 
Kt-.AÜl22)DKrI)<t 
Dlt'iMX=ul^**2*UZ**2/ (DR**2+ÜZ**2) 
ü i NAX- . H-i-u FMAX/ (MU+ , OÖOOOl) *Hl IDA 
Ü1 =, h* < DT+UTI lAX) -. i>*ABS ( D I'-DTMAX) 

D ll'iAX=L!T 
i'Ll-AA-. y>i<l IOA + Jt<-»:*2/D I 
T,PL: b 
hulU'l/^rdH   , •UPDAlti" »a») 
ALCFpr   jn.^s 
lH(I^S,Eu.»N»)GÜ   TO   32 
i;AHEr.=I^AMt.l-b 
CALL   If lLu.(?.öfNAME2J 
K[-:AD(2^)M 
KcArH25)Ü»VfP 
KLA; ' ( 2.5) u f r RHuA > (I ME»UC YCl.L»MÜ, EPS! 
READ ( 2.-)) KL)MN»KDMX, LDMN, LUMX»DR»DZr KMAX»LMAX» DTMAX 
TYPE; I 
FüIIMMI ( JM   »»NPIT=» »*) 
ACCEPT   rtniPI r 
FGRMAT(I) 
11 KF; 9 
FORMAT'iii ,«NDIMPT-»»«) 

ACCEPl    Hr.jDMPr 
IVPE   IC 
i uKf'iArilH   r »KEDIT-« rl) 
HCCEPT a»wLUiT 
liLliT'M^NCYCl.E'HF.uI I 
(-unTifiUE 
i rPC nnn 
14 lF3=.FALbL, 
hwHi'lAFdH   r'FU   RUN?« fi.) 
ALLf.PT  a^i^l'S 
I GKHA'I (A.1. ) 
If- U-IVS.EU,'N' JGU   10  802 
IIF1M=.TRUL. 
CONTiMUE 

,_.■ . mmmmmm t^ammm^. ^m 
-   ■■ ■- 
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Oj 

04 

6b 

dt, 

37 

äü 
ö^ 

HP 

41 

Hi 

43 
44 

4b 

40 

165 
r-rPF. 11 

F0KMAT(lh »»CKEATL SHArtE FlLE.-"»l) 
ACCEPT o»NYS 
IF (NiS.fclü.'Y'JCALL FILE 
TI r=,TRUE, 
NPlM--,f-ALst. 
NwMPr,FALSE. 
:JLüT=.f-ALbL, 
ttSTP=.FALSE, 
Tl- v=.Cb 
T',-,ü=;!.n 

f v-.b 
LüNT*NUE 
L.'M=MU*uT 
uu  34  i;=lfrviülUü 
PfiKrJüO.U 
EjM(itj=n,e 
CüUTlNUE 
LA.   lib   L'2,LmXl 
KMM=(L--l)*t\MAX 
ih UiGLN   .tU,   0)   bu   TU   36 
l 'i ;=ih V* (U (KMM+1) +ü (KKM+2) ) **N'.<.JFUKI iOA*K ( il) 
üü   TO   39 
U JAH=KV*(U{KMM-«-JL) +U(KMM+2) j^RHuA+Rl^i) 
If-<UBAi<)3d»37»37 
UK=Ui.-.AK*ü(r,HM+lj 
bv   TO   3C< 
l>K-UyAI-+U(iNMh+2) 
L>ü   'io   KsJiiKMAXik. 
Kv|=KlM4M 

If- (UObu   .L^.   U)   bU   TO   41 
l/fi=TF V* (ü t KM) +U ( KMH 1) ) ♦*NSuH*Ht |0A*H (Ki-1) 
üu   T(,   44 

i'clMR-F V»{b(KI'U füirsH + i) ) *RHüA*K (K+i) 
IF (UÜAR)4Lir43»43 
l'H=UuAK*UiKMH) 
bu   lb   44 
OI^UüAR*UIKM) 

lil ( U-i(KM) .ANü.F-MH) .N£ tEMP) .ANu. ( (H(KM+1) .ANü.LMP) 
.uF.LMh') )   ^0   l'U   4b 
bU    TU   'In 
K I A ( KM i ~L\t\ (KM) +UHÜA*b (KM) 
ti|A{i\M)r(lfA(KM)-DT-*< (ÜK-UL) / ( ORB (K ) *Ui3 (K ) ) ) 
COWT'lUUC 
UO   bi   K=ÜfKMAX/.^ 

uu   ni   LzZ,LMlVÄl 
KT=K-> L*KMrtX 
K/i^M-KMAX 
KUiKM-KMAX 
V:i = \/i 
VL),\K:.I- V*( W iKMJ tV(KMH) ) 
if ( ( (H(KM) .AND.LMP) .F.v>f.FMP) ,ANu. ( IM(KM + 1) .ANU.EMPj 
.L'J.LfiF) )   00   TO   47 
üb   TU   bü 

irniiiMiMiliinitaii in      ^^_u_1<_^u ^K^^—:  ^^i^^,.-..•-:<: nüiüMeM^ 
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^7 1F( ( li.iKT) .Al'lu.t-lii- ) .Nc.FMP) ,ANü. ( UKKT+l) ./\MlJ,LMP) 

■»■      .Mt.LMPj i   '.'0   10   'W 
J i~V .v 
Lu Iw hi 

fy Vl=KHU^*Ü(KT).t:VüA|{ 
ou TO h.l 

^n J^ U Uu KM) .AiiU.LMP) .Nt.FMH) ,ANu.( (H(KM+J.) .ANU.tMP) 
* .IMC .EMI') )   uO   I'U   bÖ 

It- ( ( iM(Kl ) ,Al>lu,EMH) .Nt..(lMH),AMU.( (M(KT+1) .ANU.tMP) 
* .liL.L fit1) )   uO   iO   52 

C'U   if'   hi 
bk IF ( Vtv\iO'v»wr54»b4 
bJ V I =RliUA*Ü(Kl ) i:\/'t.AK 

tU U) hi 
b4 VT=fülüA*VuAR*U(KM) 

<w'J     IU    hi. 
bb it-( V:iAI', )bhf biirbb 
Ob 11- ( ( IM(M ) .AND.LMH) .EÜ.F.MH) .Aillu ( (IHM+l) .ANU.LMP) 

•l-      .LU.L-.MP) )   1,0   10   bb 
>/ 1~I<HÜM*VU/,.H*0(KT) 
(-0   To   b9 

bh ^■f-KhUA*VoAi:*U(KM) 
by iM ( (M(KU) .AKU.0U1 ) .F^.OUl ) .OR. ( (MIKT) .Al^u.OUT) 

* tLU.Oul))    OC   Tu   01 
Of1 L1 M ( KM) =t | /, (KM) -u I + ( { V | - \/b ) /OZ) 
uj COMnNut 

00   73   K=2fKMAXZ 
IF (liOLrj.F.^,")   uu   tu   o3 

bL: V |=TF VklV (i\)H ^(K+KMAX) ) ♦♦l\ibäR*HHUA 
00 TU bO 

OJ vbAO.^I- v*(viK)+V(KlKMAX) )*R||OA 
If ( VbMt;)04»0b»0b 

ö^ VT=VdMK*VlK-lKMMX) 
00 TO t,r, 

bb VT=VUMR*V(h) 
00 00   7 i'   L=i;»LMAX^ 

KT-KIL + KNIAA 

K.M-KT-KMAA 

IF (tk)Li).F.ü.n)   GO   TO   oO 
b / V 7-TF V* { V (i\M) + v (K ( ) ) *«HS«IURHOA 

uu Ti; 71 
oo VhAR-F V*(v(KM)+V(KT))*KHÜA 

IFlVnAK)6^»70f70 
oy VI-VUJMR*VIM ) 

<u TO ?1 
7n v r-VbAR*VtKM) 
fi- It ( ( (M(KM) .AUU.EMP) .IJE.EMP) .AfTo.( IIM(KT) .ArJu.EMPJ 

* .NL.LMP))   oo   lu   72 
00   TO   7J 

7;-; t'Sl (KM)=PLil (KM)+RhÜA*VlKM) 
HSJ (i',M)-PLii (KM)—lJf*( lVT-Vrt)/OZFJ(L) ) 

/j 0«.;i. I x'TOO 
Oo   HO   L-2f LMAXZ/: 
^.-U-I^L-^KMAA 
uf;-;).o 
uu   >•'<•,   K=2»KMAXZ 

■——lwnll—m*tin««iiil     if |,|||IM^^.>.—..w^....         ,      ■.mi-,,  — '■—■- ■-  —..... ^—..^.. ^„._.  ^  
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K,/|=KT-isMAA 
OL=UW 

ULiAr-<-Fv*(u(KM) <-U(KT) )*KB(K) 
IM ( (i''llKM).ANU.b'IP).fr.U.EMP) .Ai-lU.l (M (KT) . AiJl.).i_riP) 

* -LO.LMP))   uU   10   74 
oo   [v   77 

/t+ IF < ( (M(KM+.l).ANü.EMP),NE.EMP>.AMü.( (M(KT+i).Ai-iiJ.E,lP) 
* .lit.CMP) j   00   1 Ü   7o 

'H.=n,n 
on   fj on 

/b ,.';:-RtiOA*U(l/>IM'V/(;sMfl) 
uC)   TO   ÜÜ 

7'' AM ( («(KM) .ANU.ENP) .Nt.FMP) .Atiü. {(^(KT) .AIMü.EMP) 
* .ME.LMH) )   00   10   fia 

IT I ( (M(,MV|.( i) .AIllj.F.HP) .HE.EMP) .ANU. ( (M(M+x) .AliuUL.'lP) 
* .ufc.,LiMp) )   Ü0   TO   79 

of   T'J   o.M 
11 iFuJOAR)   Ji'1,dl,ca 
ö^ 0(^Kil3A*Ul)AIJ*V(KM+l) 

uw  ri; on 
<U i-'H-HiiOM*UrtAR*\/{KM) 

iiO   10  un 
öa irlU'iMK)   u^»bb»Üb 
^^ ).F( ( CMCKMKI) .ANU.EMP) .EO.EMP) ,ANü. ( (M(KT+1) ,AUü»EMP) 

* .ti-jl.cMP) )   00   TO   Ub 
04                Of<=r<i ifA^tJA^*^ ( KM+ .1) 

»'0   TO   <3o 
lb OR=RtiUA*Uu,\R*V(Un'l) 
aü :i. r ( ( I M i KM hi), AN'J. OOT) . EQ. OUT) , OR, ( ( -l {KM-l) . ANü , OUi ) 

* .!_0. JOIJ )   oO   TO   Ou 
Pb 1 ( rsr'l) =Pb i ( Krl) -Ü I M ( ÜR-UL ) / ( DR*R ( K ) ) ) 

66 CO.JTINUE 
*r«MU)   .I0u»?,06»a9 

69 Uu   9?   L=2,LMAAZ 

IN f i-t.:fKMAA 
Uü 97 K=2,KMAXZZ 
Kr^Kn<>rT 
KM=KT-KMAX 
KjsKM-KMAX 
IF( I (MiKM, .ANU.Mr) .Nc.EMP) .Ai>lj.( (M(KM+1) .AND.tMP) 

•»=      .HL.iiMP) )öO   Tu   90 
Oj   To  97 

^,1 •CF:( ( IMIKÜ) .ANU.EMP) .Ew.EMP) ,AN|).( (|v)(KQ+l) .ANO.EMP) 
* .L<».uMP) )   OD   TO   91 

oj   TO   '?2 
9i ü^0r=0(KM) 

9.^ U-JUT-:U(KO) 
y>5 U ( ( IMlKT) .ANIu.t>lH).EJ.E;vlP).ANü.((n(KT+l) .ANU.tMP) 

* .LO.LMP))   oJ   IO   94 
.30    TO   9b 

94 O|0f'-J(KM; 

00   TJ   9o 
9b UroP-Oltsi) 
9o L TA (i<M) =£ fA (KM) hUM M (U rOP+JB0T-Tw0*U (KM) ) / 

. 

-'- -  - - — ■ --^^^-^..^ -.  
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best avail£S!Li: 

97 

yo 

99 

inn 
in.i 

IMP 

104 

.IPb 
IHö 
lf>/ 

^n/f 

lan 

ioy 
no 

ill 
112 

lib 
lib 
11/ 

lib 

COPY- 

f- I A ( KM ) -.1:. i,. j K.H) -Ui-1*   I V (KM+i ) -V ( Ku+ U -V (KM ) f V ( Kü f ?/ 

J!)   r0i)   K-2-M^AX^ 
JV)   ».Ob  L=^rLMaAi;/: 
tv i =K ^L,.kl\^l/^A 

f.l-K I'-KMAA 

U ( { (H(KM) .AiJu.LM,') .Nt.EMP) ,A.NU. ( (M(KT) .ANÜ.EMP) 
IP) >   wO   1u   9<j 

i n1" 

:,- ( ( IH(KNi-l) .AHU.tMP) .t;O.H.|.iP) .AND. ( (M(KT-l) .Al-IJ.t^P) 
.L'-.i.L.lP) )   00   10   nn 
by    FJ   1.00 
LLFI'-V (KMJ 

i)J   !-)   101 
/uLF r~v ( ^.■l-1.) 

■tp I ( (.■'1(KM+.:) .AMü.EMP) .C'3.t,rtP) .AND, ( (M(KTH-.l) .AlJü.tiiP) 

uO  ro  103 
VKUHT^VCKM) 
Oo   fu   lO'l 
'Kail r-\/ kK,'(H-1.) 

Tu 1 o^ 

1) 
I L^IPK- i U i,-, T ) -u ( KM) ) /Oci] ( L ) - ( VRbl 11 - ^ ( KM) ) /Ü(<U (ix) 
T.^'iPu- ( U11» r-1) -Ü (KM-.1) j /DZj (1.) - ( v/ ( KM ) - vLLFT ) ZiJIiB (is- 
I'bi (.NM)=P::,I (KM)-U,V|*( (TEMPK*I!B{K)-TEMPI.*RH(K-1) ) 
/(un-^uuv))) 
CuufJ-JUL 

Ü0   ;?J'+   Kz^rKMAXi: 

t'SJ (l^-Pbi(KH4*KMAX)-2.-*PSi(Kl-3*K,ViAX)+?.,*|-SI(tx+KMMX) 
CjMr:.-iüt; 
L(JS=L.PS?. 
'-AuL   PPKSil.PS) 
vu   UiO   l-i.fNGiau 
P.«iX.UAMAXllAUS(P(U ) »PMX'D 
U,4XI=AMAX1 ( ADi(Utl) ) rUM^l) 
v'ilXlcAMAXiUiiSUU) ) »VMXD 
in. fCLii-NCYCLc + i 
lIMC-l'ii-IL+uT 
iF(V.'laX)    .1.1.0» UOflOO 
.".'i-;:p:ii./v,.|/\X 
cui«irr:4üt: 
.rF(ÜT-LJTM..\A) 1.12,112» Hi 
JT-DI'IAX 

C'jufiNuL 
HELAX=jfc:Ta*KiWA*ai<t*:VijT 
ir CJI-i,.. )0:)   TO   oOu 
lF(N:iTH)(iü   TO   119 
ir ( .UOT.Nj.-iPjbü   Tu   li5 
CALL   AtibAV 
ou   fu   L17 
ÄFaiC'CCl.E-.'JDMP'DllbflAö» 11^ 
wf.Li.   A|JL>A\/ 
-iJ^iP-'-.r ALjt_. 

iJj.«iPT-:NUMPT+NÜUMP 
it- ( .MUT.NtUDcO   TO   125 

mm 
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ULLT-.FALSt:. 
'JO   TO   5o 

i?.* .li- (Nt rCLE-UEüTM) 33» 1?-1,181 
l^J. 'ituTtl-NHürii+NEÜXT 

CALL LJIT 
O'J   TO   30 

ii'J CAuL   [luir 
(•'Ai-L   AtibAV 
C:AUL L.ar 

on') iK (ucrCLEI-NEL) IM)ao?»8D6»öOb 
506 flLuTM=NLL)fH+lCüiT 

• rPE «:i5»,jcYCLc 
0^3 rOKMAfdrl   , «EUIT  AT  CTCLE   •fI3) 

CALL   clJIT 
Ü0 7 IJAL.L   AtJSAv' 

LALL   EXIT 
|<ETLII(N 
L.^l) 

169 
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SUOI'-'OUTINE   PKES(Ei-b) 

COMMCh   NvAC;»NeEN»UAC»VAC,Ti4l»Ti*l2» IMS 
Cul-iMON  [MC Y CUE» NSTOP»NEjTM, MED IT»UFE 
COMMON   UME»EüUM»EDDT»NPlT»NITEi< 
Cot'.MO. J  BETA»EPSa»UT» VMAX»UMAX» HELAX, CUT 
COMMON   bM£i-4,EHSl»UUMAX»UbTü»VÖTO»l»ü^U»VPM!3 
COMMON  UM»ivlU»KHöAn3R»6^»6» I SEC 
CÜMMON   VINHJIN»UKH►QLP,NßP,DDK,DüZ 
Cur-iMÜN  rjEAP»NExPP»NPAKT»NÜlV 
COi'.MO^   N'GRj,ü»K|viAX»LMAX,KMAXZfLMAA^»KMAXZZ»LMAXZZ 
CuMMUl J   Kü.vi.M r Lüi'lN»KUMX» LDMX » MESS ( 7 ) 
LGhiMOU   ICKT » XMAAf > MAX» CR fKA t CKTRb»CRTZA»CHI ZLS 

CUMMOH   iTLbT»10Z»lZ»GAMA,PbAS»PGAS/L,l:'/\MB»CAS\/»GASV^ 
COMMON   MF , .MG »NI1 »h»XG»HH »Hv »G6»FUDGE» Hl AL»CRAX»DtuZ 
CUiViMON  Rdbf) »Z(150)»Rol ItO) »Zri( 15Ü ) 
Ctr-.hOii  Dl''b(.ll>0) »DtoUSO) 
CoMMOiJ   M(i>f»^0) 
Cti^MOÜ  P(2bn0) »u(£;se j) ,E1A|2S0D)» v l^SOC) »PSI(25O0j 
UiMMOw   üNoKX(2bÜÖ) »nNÜKY(2500) . PNOKX(2ÖOCI r PNuKY(250n ) 
CuWMOiNi   Lhf.,Z 
COWMOfi   NDtv .I »Ni'-.V.? 
Cü^i^tN/FLAuJ./rL^C-Jl 
Coi'iMt.M/FLwS/l I i »NUMP»NEDT»NSTP»MPIi.l 
C ^.MOl-J/STüf- F/ERKÜKS t NAME»DlV5» vChM» UCl UM 
U-oICM.   TT T »MUMPr MEDT»iiSTP,NPIM 
KI:AL MU 
INTEGEK   AIMU » OH»CN I KB» iUR»FoLL»EMP»o.^D »IN» OUT» 
f- KSLF'»tIOSLIJ » EMPbNU, Ou»COH t UK» GAS » AK-j 
uA"( A   li iTf<|- . CN1 Kb > SUR»FuLLr EMP»üNü»I.-i» OUT, 
F- KSLP t NOSuP»ENPUND » Ob r COK f UK»GAS»AKi3/1 r«»»4»Ü»16» 32» 
04»i r;a, 2.^0»012»1024»2048»no^e» ü192 »leso**»32700/ 
UA 1 A MASK I» MAS(\2» MASlw»MASiv^»MASKS» MASK6, 
MASK?» MASKö/0777777777757»U777777773777, 
0777777677777.U777777777773»0777777777767» 
0V77777737777»07777777b7777»0777777767777/ 
l-i-ä,l4j.b926 
llASTx'+^in.o 
lV'LS = irJ(llo 
LOOICAL TEST 
LouiC/AL i^wTb» re» IV»TH 
hLX=r 
NlL=n 
ULL VEL«2.NIL.'UIL»NIL,1) 
MM=Ü 
NHEK-n 
NITEK=NlTtK+l 
LhOHM=t'. 
PNURM-P. 
UlVSlrfi 
'IE^|PS1=|1 
Uü '-.-^ L=i:»LMÄXZ 
r. 1 T=L*KI-IAA 
UO   Hh   K-2,AMAX<i 
fvf'-K 
U'-L 
NT=KTi+KP 
N,VI-N1-KMAM 

1 
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i; 
v. 

7 

M 

in 

U 
Li 

14 
lb 
lb 

17 
lb 
19 

2 «2 

^4 

2b 

27 
2ü 

171 
Nü-NM-KMMX 

lf-(( (M(NM).AND.|-ULL).Eu.FULL),ANü,((M(NM).AMU.Ül3).Nr.üLi)) 
too  Tu  «+ 
ii" (M(uN!) .t:ü.430j.2)b0 Tu H 
li-IM(!MN') .tu.f J0:6)U0 Tu «+ 
U'j   Tu   b 
L i V= (u ( NM) *Kb t K) -U (riM-i) *Kb (K-l) ) / 

üiV=uiv+(VlNMi-V(Nc))/uZ 
U;  ru 29 
COMTiUUt 
Ih UN;(I,'M) .AMD.UK) .EO.UK)    bU   TO   6 
UO   lU   H3 
lLLH~üH 
LLLZ=UZ 

If- li'NUKYd^WlLP) .   7r7»fl 
Lo-U—\. 
bO   TU   9 
CONTINUE; 

KI=LB*KMAA+KP 
K>I-(LU-.U*KMAX + KH 

bA= (K ( K.P) -PMOKX (N;.,) ) /ULLK 

S r = (-iu (Lb) -F'NURY (NK) ) /^LLZ 
Ih lUlNr-J.) ).llri:fli 
Ul=U(tJM-i.) 
Uvj   TO   J.2 
LM-UUT-lj 
II- (UIKfJ    m»ijfli'r 
U2=U(H;.|) 
LO   TO   Jb 
UgrlHKT) 
lF(U(Ktvi-l) )l7,16rl7 
Uj-j( I^NI-I ) 
Cci   10   18 
LjZU(KM-3) 
IfUMKN;))   20 f 19,20 
Ü>4=U(NM) 
00   TO   2.1 

UH- ( . b l-bA) * ( , b-bY) *Ul+ (, b-bX) * ( , b-SY) *02 
UC-UP fi.b+bX)*(.5+SY)«03+(.5-SX)*(,b hbY)*04 
1F(PN0HX(|,M)-F<(KP) )   22,22r23 
Kü-KP-1 
00   1 0   PJ\ 
K|.S=KP 
KU=(UJ-H)*KMAX+KU 
KM-(UP-1)*KMAX+Ktj 
bA=(KB I Kb)-PNUHX(HM))/jLLH 
b V= (/i ( LP ) -PNUKY (IJM) ) /ULLZ 

IF(\/(KNI))   26»;ibr2u 
Vl=ViHM) 
00   To   27 
Vl-V(KM) 
]F(V(KM+.'.) )   2Qf2R,:in 
V2=V(NM) 
JJ   TU   3f) 

- —  ^— - 
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P.9 
in 
31 

3ü 

ib 
3b 

3ü 
3y 

«♦2 

4o 
4^ 

46 

4/ 

4ü 

lr(V(uU))   ^^»oirS:: 
v'J-V(IJu) 
00   TO   ,ij 

.U UMtvüi-.l) )   35»J4»35 

OÜ  Tu  5u 
V4=V(KL)+J.) 

;H- I. ü 1-bX IM. 5-SY ) *Vi+ (, 5-SX) * ( .5-SY) * v2 
Vp-Vff ( .L> + ;3X) -M , 5 hSY) *v3+ (. 5-S^) * (. 5+S () *V4 
L/Ul=üNOKXiuM)*UlJ+üH0RYiNM)*VP 
iJlV=UUT/ÜU 
lF(/uvtb(DIv) .LT.lC>E-20)ulV=0.0 
TLMF,-r';LLA;(*ülV 
lHÜiVS.l.b">.AbS(DIVJ)(JÜ   TO  7022 
blVCl-AHSiLIV) 
I'.>1LOC;=IS 

LMLOC-L 

IF I(MiUT).AMU.ÜUT).EQ.UUT)   GO   TO   41 
oe   lu   »+2 
P(l«iM)-f', 

t. ;<(URhlzt.MUH!'.|+TEMP*rEMP 
PivURhzPNUnX+P (NM) *P (NM) 
CALL   tfe.Ltl»NM»K»LfO) 
Cü^TllMÜE 
LO   '15   L=£,LMAAä 

Ku-2-ML-*lj*KNAX 
H l r-L-l) =P (KL) -ÖR+IUlOA* (H (2)-R (1) ) 
CCNTliMuE 
Ü0  16  L=2»LMAX^ 
KK=L*KMAX 

I- (KR) =P(KH-1 ) +OR*KHOA*(R(KMAX)-P.(KMAX^) ) 
CONTINUE 
UO   47   K=2,tsMAXZ 
M=KH (LMAA^-1)*KMAA 

Kl I-^HLMAAZ*IVMAX 

lVti=Kl-i\riAA 

P(KTT)=p(Kr) 
Ih ( (i^KK) .AHÜ.OUT) .EO.OuT)üu   TO   47 
P(M]ii)=Ptlxb) 
CuNTiWUE 
CALL   VEL(l»MiL»NIUrNIL,l) 
fNROPZSÜKT(ENORM/(PNOKM+.0O00OO1)) 
Lhi<ORSs;Eln<UR 
ÜIVS=i)J.VSl 
TYPE L>7»NCYCLE 
i rPE   L't»»ÜlVS 
TrPE   7P23,KML0CpLML0C 
F Di'-fl^Vdh   »»AT  1^-'rI3» • »L=» r 13) 
fti'L  4öfEt,U0H 
FuKMAi(IH   »«CYCLE   »»13) 
KüRMATUH   »M-IAX   ÜIVEKGENCF.= SF) 
FORMAT(in >»tKRoR=»rF) 
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IK lLRKuK-t:HS)tf9f 5b»5b 

bb .if (.;>iüT.Nl'iM)üu   To  5*) 
f<Pi.M=.FALbc., 
KLTUHN 

tSP lF(tUl't.K-NHlT)3r5a»3i 
5.1. .<HlTt.l.1»57)NCYCLE 

HHmu»5b)DIVS 
l.KlTtll»^ü)EKKÜI-i 
t,^   FILE   1 
CALL  APFLL 

^ (OiiTINUL 
KCTUKM 
LNU 

iiiiiiiikL -.^^.^a^MMaa^^^  ^^.^m mMiiä;«, 
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Su-i'OUTliJL   VK.Lll«IAl»NA2fMA3rNA*f»NA5) 174 

CONIICN  NV/\Crl^EN»ÜAC#VAC,TMl»TM2» 1M3 
CuMMOt-g  UCrCLtfNSTüFrNEDTMrHEDlTrüPE 
COMMCij   llilL,EUilM»EnDI',NPlT»NITEK 
COl-lf.t.M  fit r/\»LFS2»L>TrVMAX,UMAX,hELA/sfCUl 
LUMMOM   SMil^F.Pl,J.rNi3MAA,UbrjfVBrO>UclCVBHu 
1. UMMCi-J  UM, MU r hi iUA r OR f G/.»ü f 1SFC 
CUMMOn   Vl|oUlN»ÜKPrnLP,NBP,ODHfDl^ 
LuMMON  rjF.,;r,hEXPP,NPAK|-,NÜI\/ 

U^lMOj.   ^KlDrKMAX^LMMX^MAXZrUlAAZrKlV.AAZZ.i.MAXZZ 
CUl H1ÜH  KDMII r LUMtM»M>MX. LDMX, HfSS (7) 

uOMflOM   lC|<1fXNAArVMAX»CPTKA»CKTRb,CKT/:A,CHTZt3 
J-;;:1!^:!   ^'^'^^^'eAMA^PcASrPGASoPAMB^ASVroAS^ 

■ 0 i. Ou  Nf-,llO»Ni[Hl,XeMlH,HV»Ge,FüDG£,IjrALrCRAX,DELZ 

CuMMOii iji<b{ibj) fLVbdln») 
(•oMitUti  MUlbOO) 

CüMMüN  t-M2bn<j),U<2b0n),ETA(2S0O)» ^(2500),PSI (2500) 
U.r'.Müi.  DNvKX ( 2500} , DNOiO (2bCC) , Pi.uKX (2500) , PNüKY (?500 ) 
LüMMUM   'ü\\PuZ -     j i 
CUMMOH  NUtVl. HJJLV2 

COMMOU/KLMG.VFLAGI 

CuKMül,/FLob/n^ »NüMPrNtOI MJSTF,NPIM 

CuMM0u/blüPFVCUKOK5rNA|v|E,DlVS»VCH.vi,UüHiw 
L.üOICAL   T) r»NUMP»liEDTrNSTP»NPlM 
|>L/\1-   Mü 

IMITOLI-;   AulJ»UH»CN"IKB»buR.FuLL»EMPröNDriMrOUT» 
t-KSLP»iM0bLPrEMPt>Nu»0b»C0H»uKrGAS»AUt3 
i A In   il4rKK»CNrRt.w50P,FuLL»EMP,uNL;,IlvJ,üUT, 
[♦•••Lr'''4ÜbLP»ElviPliNUr0B»C0K,oKrbA5,AKLJ/l»2^rttr.l6»32» 
^'K^^.bu»512»lö2'+»204P.fC96»öl92a63btfl3276ü/      " 
bAiA  MAbKl»MASK2^MASK3,MAS^4rMASK5»MASK6» 
MAbK7,f.,ASKb/U777777777757» 077777777377/, 
uV777?7t.7V777r 077777777777:1,0777777777767, 
0777777737777K)7777777b7777»0777777767777/ 
F).-o,i41b926 
I.'..1(J-I\A»1 
KM-NA2 
K-IJA^i 

r^psilAb 

C 
C 
C 
c 
c 
c 

r v-.b 

y^iS RUUTIME   COMPUTES  ALL   OF  THE  CULL   VELOCITIES. 
Iht   PKLbbuhE   GKAÜIENTS  AKE   CALCULATED   FOR   bOUNUARr 
PKrr.bO(.,tb  LOCATED  AT   fhE  MID  HOllilb  OF   THE   LAORANoE 
L.o   uAfn   buGMENlb.   APPROXIMATE   LINEAR   INTLRPOLATION 

LOGICAL   l£ST 
Vf»lAX=0#0 
LM/.=LNiAXi: 
KIVI^SKMAXZ 

lf; (Kf .LO.C)GO   TO   73 
UCHM-C, 
VCHM=0. 
00   3V  L-2,L>U 

UMMttMiMMlligaHittiiMMai ,-. ■ ■...;   ■ •   :       . . .,. 
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13 
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KIIZL+KMAA 

Uu  5y  K=2fKMZ 
M=KIKTT 
r.Ni=KI-KMAx 
K{.l^KM-KMA.x 
MZ-KT+KMAA 

t'O   TO   7'r 
K|=KM>KMAA 

^O-KM-KMAä 
rltrKIHKMMA 

l.M^-l. 
xf- ( ( (M(KM) .AMU.FULL) .tu.FULD ,üR. ( ( (M(KM) .ANÜ.SUR) 
.c.u.r>üK) ,Ai-JÜ. ( (l-KKM) .AhlD.COrO.UE.COR) ) )   (,0   TO   1 
O'j   IU   39 

0  C0MPCNF.M1   OF   VLl.OCIl y 

Ihl (!UKM+l) .ArvllJ.üliü) .Eu.BNO)   GO   TU   20 
IF( ( lM(KNi+.1.) .AND.LMP) .EQ.EMP) .OR. ( IM(M+1) .AlMÜ.COiO 
.Lval.COR) )   L.0   10   3 
00   TO  b 
oO    fO    (P.0,4.) rNSiO 
0(KM)=U(K1vl)-oK*uT 
Go   TO   ÜP 
AC^KIK) 

iF(((M(KM).AND.OK).Eü.üK).AND.{(MlKM-iJ.AUu.COK) 
.uO.COR))    ö0   TO   6 
tu»  TO   7 
AC-FMORX(KN) 
;»A=H(i\+l) 
le ( ( (M(KMf J.) .ANÜ.0K) .Lu.OK) .AND. ( (MKM+2) .AMD.COR) 
.Cü.COR)) oo to a 
oO   TO  9 
/,A=PiJOKXlKivi+l) 
PA=fMiNy,) 
IF I ((M(KM).ANU.uK).EO.OK).AND.((M(KT).ANU.OOK) 
• tU.COR) )   t-0   TO   1C 
00   TO   11 
R?.=P(i\Ni) 
HJ.=P(KÖ) 
'I,?-P;JOHYIUM) 
Y,UZ(L-1) 
00   TO   13 
li-( ( d'UKM) .AND,OK) .EU.0K).AND.( (l"l(Kt5) .ANU.OOR) 
.iiO.CüR))   bO   iO   12 
00   10   14 
P£=P(K1) 
Pl=P(KM) 
V?=Z(Ltl) 
1.1=PNORY(KM) 
L>Lh = (P2-Pl)/(r2-U) 
Oi-'U-Pl-'jLp + Yl 

F-A=SL.P*Z(L)+OKJ 
Pu=P(K|v|+.t) 
1F({{M(KM+1).MNO.OK).E«.0K).ANj.((W(KT+1).AND.COR) 

 - -- - - - 
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15 

17 

10 

.19 

C 
C 
c 
UP 
2.1 

22 
23 

21 

2t> 
2o 

27 
2H 

2y 

JP 

31 

.LU.COK) i   v.0   TO   15 176 

Oc  TU   lo 

Y^=PhUHY(K.-i+l) 
Yl-i'(L-l) 
V>0   10   |6 

iF( ( (M(KMfl) .HNO.OK) .LO.OK) ,ANU. ( (Ni(Kü + l) .AND.COR) 

Oo   To  .19 

t l=rj(KM+l) 
*2=*.lL+l) 
Vl.=PI,OKY(KM+i) 
SLP=(P2-f'l)/(Y2-Yl) 
»'KO-I- L-L>L.H*Yl 

F^bLl'^l^HOKu 
UüL0=O(KM) 

lj(K(M)=lr:TA(KM)Hül*( ( PA-PB)/( X/<-XC) ) 
U i KM) iU (Kh) /Kl (OA-OR*U T 
IJCHSAttdfUgUMlCKMl) 
OChMrAf-AXKUCM» JCHM) 

v   CO1NHONE.1J   Oh   VEL^CITV 

IK (MtM).,\ra).üNU) .EO.liNU)   00   10   39 
If ( I (H{KT ) .ANu.U'iH) .EU.CMP) .OH. ( (M(KT) .ANÜ.C0H) 
• cO.'.Oh) )   uO   TO   22 
00   TO   24 
00   TO   (39,23)»NblO 
V(KII)=V(KM)-O^*UT 
00  TO  39 
VC=Z(Lj 

if ( ( (MlKM) .AlJü.oK) .EÜ.OK) .Aiin, ( (M(Kb) ./\NU.COR) 
.LO.COK))   uO   TO   25 
Oo   TO  2h 
YC=PNOKY(MVi) 
VA-/:(L+1> 

IF ( ( IMKT) .ANO.OK) .EO.OK) .ArJD. ( (M(KrZ) .AMU.COK) 
.LU.COKJ)   00   VO   27 
00   TO  2« 
■.A=PNOKtUJ) 
HAsPfKM] 
U ( ( (iv,(KM) .ANU.OK) .EQ.OK) .AND. ( (M(KM+1) .AND.COK) 
.LO.COH))   00   10   29 
00   TO   3U 
F2=P(M) 
t-J.-P(KM-l) 
X2=PN0rtX(K^) 
Xj=K(K-l) 
00   10   32 

lr ( ( (^(l\M) .AHU,OK) .EQ.OK) .AND. ( (Hli\M-l) .A.Mu.COK) 
.i-.o.CwrO )   oO   TO   31 
00   TO   33 
P2-P(M+1) 
PisPCKM) 

MMMMi  . 
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X;>=K(^^li 
iü LLHrtPa-HD/lX^-Al) 

KASWH*RIK1 »-^KJ 
ü ^=rj(KT) 

UIUMIKI ) .ANo.üK).f:(>!.uK).ANO, l(M(KT+i) .ANJ.COK) 
* .L^.COH) )   00   TO   3'* 

ou   TO   3Li 

Hiir(KT-l) 
KtfsPMHMlKl ) 

bo  Tu  37 
io JM( (MiKr).ANU.üK).EvJ.OK).ANn.((l'l(KT-l).ArMlJ.COK) 

* .t-.u.COK) )   uO   fU   on 
tb   TU   Ott 

ib rV=fMKli-l) 

«CSSRIK^il 
AJiPiluUXlrxT) 

3/ ^LH=(lJ2-f 1)/(X2-Xl) 
UKl-=Pi-bLP*Xl 

f'a-buH*i<(K)+OKü 
3tJ VOLU=V(KM) 

v»KM)=HSi(KM)+Ul*t{PA-PB)/(YA-rC>) 
V(KM)-V(Kh)/KHOM-OZ+DI 

VLhM=A1«iAXi (VCh» vCHM) 
OMAX=Aüb( jlKM) ) fAüb(Vli;M)) 
\ ;viAX=K V* I AtlS ( VMAX-ÜVAX) +V;-1AX+Ui.|AX) 
LUI.1J.NUL 

U4L («OijLlP HnuUuAuY CONDITION;» ON üt3 C^LLb... 

irUP.tü.OGO   TU   7'3 
LALL NOSLit- ( NlLfNlL» NIL) 
(JO TO 70 
LALL   uO&LlP(KiVi»KfL) 
LONTINOL 

bOUNÜAK,^   cONüITiÜhiS  OiS   VELOCITIES   AT   EuGE   OF   MESh. 

1.0   60   K = ü»fvNiAXt 
K r=K-» ( LMAA^-I ) *KhAX 
K7U=KT-KMAX 

KTl=Kr>KMMA 
Kd=K 
KäTsKii^KMAX 
iFnfMK.T).ANL.Ii>l).EG.lN)   bO   Tu   '49 
tu   Tu   bO 

MrT( )=V(KT) 

L (KT1)=(i. 
Ü0   lo   l}'f 

c 
c 
c 

70 

C 
c 
c 

MWHM - •— '- ■ ■- —   --'—— ■ ■■ 
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Reproduced  from        j^^ 
best available copy. W 

lF((ti(^Tl )./\NU.OUT).EvJ.0Ul)   GO   TO   bl 
t>0   10  .^2 

Rl V(KT»=V(/.1ü) 

UiK.! l)=U(Kl) 
- 

oc ro bn 
be lMfMIMT|.ANUtttMD}«Cw«0ND|   GO To bS 

uo ro b^ 
b^ V(KT)=P, 

U|KtT)8U(KlJ 
. MKnUHriivrbJ 

bH ic« (r,{Kb).ANÜ,lrj) .fc.Q,I(>|)   00  TO   5b 
00   TO   bo 

- bj VtKb)-Vih 
lMKÖ)=f'. 
cj   TO  t,)1 

- bu IM (.MlKfn .AMJ.OU'I ) .Eu.OlIT)   GO   10   b7 
00   10  bfJ 

b7 V (i.) = (Pbl (K) -Ü T+P (KBTJ /02B (I) ) /RHOA 
l'lK)=0(Kbl ) 
wo   10  (,0 

b<> iM (inlKb) .AMÜ.LUxü) .EU.ijNi:))   GO   10   b0 

0^   TO  t.O 
by 

U(Kb)=Üit\üT) 
o«' LouTl^Ut 

LUi   7r  L = 1»LMAX 
KK=(L-.r)*KMAA 
i.K=KK+KMAAt 
l.L=2KMs 
Ir ((M(i.L-l) .AiMÜ.lN) .HQ.IN)    GO    r0   61 
00   To   b'J 

öl 1'(LL-1)=U1N 

,. bO    10   bö 
bü IM (NKLL-D.ANu.OUl ) .Lu.OUT)   Go   TO   65 

O'J   10  Ml 
bo l.'aL-l)=U(LL) 

ViLL-.l)=VuU 
ou    10   hi» 

OH IF{ (M(LL-l) .ANU.uhu) .Lgi.yNU)   GO   TO  b5 
(- 0    10   f.b 

- 
bo L'IL.L-1)=Ü. 

^LL.-l)iV(LL) 
GO   TO  72 

bo 1F( (MILK + J}.MNL).IIM).EU.IN)   GO   10  67 
00 Tt  t.a 

o,' 

MfUHltsUtLR) 
ViLR-ti)-ViLR) 
00  TO   72 

bo lM (M(LR+l) .A^J.OUT) .tu.OUl )   GO   10  6*) 
Ou   Tu   70 

o'J I'lLRUod-H-i.? 
O(LRH)=0(uR) 
V(LRll)=V(LR) 
00  TO   72 

iw.M piiiiijiiiiiiiiuwimpiHPPnPinimnvvainv^piH I 
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7r icK^lLU+D.ANL.uNJj.tw.BNü)   00   TO   7i 

71. ÜiLK)-r. 

V(LiUl)=ViLR) 
ifa LUNTIHUC 

17S 
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kOfMbt^  ilVhC»M0tll»uAC»VACr rNl»Ti42tTM3 
ColACi  iiCitLLrljbloH»I.EL.TM»u£üI r»'>Pll 
LoMCiu TUt»EUTlMf(Ot>l'»M>ITfHITCH 
Ci-r MUi;   uf. lArtHScfüTfVMAX.UMAXrKELAAfCUl 
LUNMOi»  SN'IioEHSl»IioMAA, UfiTc»»VdTO>Uo^ü» IÜUU 
Cui'lMlU  UNI,IMU»KHUA»GR»G^»G» IbEC 
C Ulii'KT*   V11 <»UlN»UKP»DLP»l>ldP»DDK,DüZ 
tONMOiM   rj£APrilEXPP»l\lPAK| »NÜ1V 
CON-KM   lu.Kl[)»KMAXiLMAX,Ki.tAXZ»LMAX^»KMAXZZ»LMAXZZ 
CufiMOli KUi4t4fU}MN»KC>MX»1.0MX»MESSf7l 
lOHMUi^i   iCi.rrXMAXrYMAXfCKTKAfCHrRufCRT^A^CKTZb 
COMMON   llLSTfXO^.lZrGAiviArPOAbrPGAbirPAMBfüMSVfJASvZ 
kOMNOH  ilF ,iio»tU I »|i»XGMlH»(lv»GG,FÜÜob.»UTAL»CKAX»DEL.^ 
COMK^H Rl 1L.'M »Z(liiü) »Hbd^Ol »itillSOl 
COMMOH bKutl&tl »UtudSo) 
bOPHwti N(£5601 
COflMOH PI2!>9(I| »oCiLxn) ,ElA(2:n.J) »V(2L»jC) »PSIfSSOOl 
LOIMVH  LJMUKX(2L»C0) »DN0KY'2bCC) »PiJUKXCi'JOO »PNOKY(250O) 
tuMiON I>H,\JZ 
CohMUil  Mut.v.l»NuLV2 
tONMOiVf LMOr/f-Lnül 
Cur-iMuw/f Loo/I I T »ULi'lPiMEC'TrNSTrfflFTi 
LOGICAL 1 VY.^EUI >NilMI'»NSTf*>MPlH 

lUYC&LH AI.ü»0H»C ITim»S»iiR»FUU.»EMKtl»iCriN»OUT« 
* H KSLP r NOSLP » r;MPaNU r Ob r GOR r OK»bASr AKB 

UA t A   l.M THt-1CN1 ".a» bUR»Fül-Lt g¥Pt riNU thif UUT» 
* [ KSL» »i.ObuP» LMPijIib » OB» COK» OK»G/^» AKb/l» 2» ^r 0»16r 32» 
* Of .:.Ut.,?r.b'r.l2»lC2'+f204ß»40^6»Ul92»163ö'4» jk:76Ü/ 

UA IA   MAbKl»MAbK2 r MASKÖ»MAbK^ tM^bKS»MAbK6» 
* NU.*^?»MÄSftb/07T7T7T7 T??1^7»f'777 7V7773777 f 
* uy77777n77777»07777^7777773»0777777777767» 
* U777777737777»07777777^7777»07777777G7777/ 

Pi-.umi.^b 
Kr;i:r</\o 
K=IIA7 
LZIMAG 

LOGICAL IbsT 
LM^SLMAX«! 
Kf-;<IL = ^MAAZ 
If (KM.NE.OGU IU 10 
UO 1 L.=2»i.ilZ 
KM('

,
,-L*KI-I/\A 

h. I=K-(Ki»lM 
K\;=Kr-KMAA 
K-jnKM-cJ-irtA 
00   TO   11 
K1=KM>KMAX 
KLWKMTVMAA 

L;U.=L 

LLMLJUL 

Ih ( ( '. M (KM i . ANü . bOK) , Evil. SUR). OH, 
* ( {MMM),AI>IL;,OK) .EO.OK) )   oO   TO  «: 

LO   To   1 

....    -,. —^..,„».A^_.J^-^^.——-^^ 
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( (NUI ) .AiJJ.EMH) .EJ,,:^P) .OK. ( (.-«(Kb) .ANÜ.LHH) .E.U,E.;viP) ) ) 
.AUD.( ( iM(KM-i) .AUU.k'.MP) .Eu.EMH) 
.OH, i IMMHU .MUJ.COR) .EO.COR)) .AUU, (I^CKM*!! .ANU.QNU) .tli_.r.Nr») 
• AHD«I ,hO|.( ( (M{KM+1) .ANlj.COlM .Eu.Cül<).OK.( (M( (ST ) .,»NÜ. 
CL/K) .Lu.CuK) .OR. HNi(Ktl> .ANü.COK).EU,COK) ) ) )   GO   TO   i 
00   To   lr 
U|KM*l}Sg|K)*aR«l lV(KM)-v(KB) )/(l<b(K-l)*U^) ) 
L,(KH-l)=0(NM-lJ+U(KM)*lRa(K)/hu(K-l)) 
00 TO   1 
1P( ( »Htl* I ( (MKW-l) .AH0.EMP).Ej.LMr).Or<, 
( iK(Kl) ./.Nu.EN.H) .Evj.E^iH) .Oi<.( (i.|(Mj) .AMU.ttlP) .Lü.Li^lD ) ).AIMJ. 

1 1 tM(KM4l)*ANU*tMf') .Eü.EMP).OR.{(M(KM+l).AND.COR).L'J.COIJ ) 
,/.NÜ. I lM(KNn\) .ANLi.RNu) .NE .bMO) .ANu, ( .NOT. ( ( ( 
M(KW-j.) .ANu.CoR) .EO.CUK) .OP. ( (MfKTi .ANQ.COK) .LO.COR) 
.uK. ( (XKu) .aiiJ.CuP) .Eu.COiO ) ) )   00   TO   5 
00   TO   t. 
U(^M)-U(r^^i-^.)+ lKtt|K*|t/RtfCKl > 
U(KM)SUIKI4}*HIK)*UK*( ( >» <KM)-\/(KÜ) )/(RdtK)*UZ) ) 
00 K'   1 
If i ( .NOT . { { lM(KM-J.) .A^u.EMP) ,EU.C.MP) .OK. ( (M(KM+1) .ANQ.LMK) 
.tLO.LMp) .OK, ( (M(KT ) .AHU.^MP) .E^.EMP) ) ) .AliO. ( ( (NUKb) .AllU. 
t.iH) .Loi.tKP) .uP. ( (M(Krt) .ANU.COH) .E^.CO'O ) .AUD, 
1 (MiKd) .AIIO.DNJ) .NE.bNu) .AIJD.( .MOT.(( (^(KM-l) .AND.COR) 
.tu.COP) .Jr.. ( IMKM+D .ANU.COR) .EO.COR) .OK. 
HMCr^l ) .ANO.COR) .EW.COK)) ) )   GO   TO   7 
Co   70   fa 
V(KL3) = v (KM)+J^*( lKb(K)*U(KM)-Ho(K-i)*UlKM-l) ) 
^|R|KJ*UN|) 
Ou TO J 
If ( (.NOT, ( ( (MKI^-I) .ANü.Ei'lP).Eu.tMP).OK.( (M(KM+1) .AND.LMC ) .EG.L'-lF 
• UH« ( UlUb) .AND.bNiP) .Lu.EMP) ) ) ,ANU. ( '. IMIKTJ .ANU.EivlP) .LO.LivlP) 
.OK. ( (M(M) .ANJ,C0K) .co.COK) ) ,ANU, ( (MC^T) .ANO.QNU) .NE.bNu) 
• AHU« I .NOT. ( ( tM(K^l-l) .MNü.COR) .EO.COK) .OP. ( {M(KMU) .ANO. 
LOP).Eu.CüK).OR.((M(KÜ).ANu.COR).Eu.CoP))))   00  TO   9 
00   TO   I 
V »r.M) = v t «u ) -Ul* ( (I .b < K ) »U (KM) -Rü (^-l) »UI KP,-1) ) 
/(IMtsUDR) ) 
CONTlNuL 
KtlURn 
ttiU 

i 
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* 

* 

* 

SoJKOUrI!ML  MUSL1P(NA6»NA7»NAfl) 
COMMON  rJVAC»NOtNfOAC»VAC.TiNl.l»TM2tTM3 

NC YCLE»NbT oP, f JEuTM»ICOIT»OPE 
TlMt»F.UIlM,EDÜT,NPlr»NITEU 
UETArEPSarüTtVMAXfUHAX.KELAXrCUI 
•jMiiM.EPblfiJbMAX.UaTOrVBTO^UpxlürVBND 
UM, MU»KHÜA»(jR»6Z»G r I SEC 
VlN»Uli>i.üKP»DLP»NBP,Ur)k,DüZ 

COMMON 
COMMON 
COMMON 
COMMON 
CuMMüN 
COMMON 
CüMMÜN 
SUMMON 
CüMMOH 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

NEXPJNEXPPMJPAIM »NUIV 

lib 

NbRlü»KMAX,LMAX,KMAX2»LMAX^»KMAXZ2»LMAX2Z 
KÜMN.LUMN»KUMXrLDMX,MESS(7) 
ICi<T»XWAXfYMAX»CRTRA»CKTRO»CiaZA,CKTZB 
ITtbT»I0Z»IZ»GAMA»PüASfP6AS^.PAMBfGASV»(,ASVZ 
NF , IMG»NI1 , H» XG»HH»H V»GG r FUDGE»NT AL, cRAX»DE»_Z 
IUl.l)O),2(l50>»Rb(15O)»Z(i(l50) 

M(25n0) 
P(2bPO)»U(2jOO> »ETM^OOWV 12500) rPbI(2500) 
UNOKX (2b00)»DNORY ( 2500) r PNOHX (2500)»PNORY (2bO.T) 
ÜR,U2 
NOeVl»NUCV2 

COMMON/FLAC'./FLAC.I 

CoMMON/MbTN/MüTN 
CoMMON/KLjb/T F r»NUMP»NEDT»NSTP, NPIM 
COMMON/bTOK F/ERROKS»NAME»DIVS» vCHM t UCHM 
CoMMON/MOObE/lNX»lNY»lNSW»SWSTAT 
COMMON/LOüK/PMX»UMX»VMX»PMXl»UMXl»VMXl 
COMMON/NA/üTMAX 
UOOICML TTYtNUMPtNEDTrNSTHrMPIM 
LOO IC AL NMB 
KtAL MU 
I.MIEüEK ANü.OK»CNn<B,SuRrFJLL»tMP»üN[?»iN,OUT» 
I- F^bLP»r JOSLP»EMPBNU»OB»COR»OK»GAS, ARB 
JAfA lNrR|-»CNIRB»bUR»FuLL»tMP»;:iNu»lNfOUT» 
KUSU9»NObLP t EMPBNO»OB»COR»OK» OAS»ARB/1»2 f 4 r 0»16» 32» 
o4»i2G»25o»512» 1024»2043r'*096»ül92» 163^4, 32760/ 
UATA MASKl»MAbK2»MASK3»MASK4»MASK5»MASK6» 
MASK? »MASKb/0777777777757,0777777773777, 
0/77777n77?77» 0777777777773» 0777777777767» 
077777775777710777777757777,0777777767177/ 
l.iTEOEK  Eb»EC 
Jri=UR/2. 
LC-4112 
ub=4.ion 
KMSNA6 
KzNA7 
LzNAB 
iF(KM,Nt:.0)üO   TO   9b 
LMZ=LMMXZ 
KMt=i\MAXZ 
uo  mo L=^»LMZ 
Kl r-(L-l)*KMAX 
00   100   K=2»KMZ 
rsi.^KIT + K 
v^O    TO   yo 

■MB g---,^ ^^aHI-^B^ ■tatfüaiiiHttilMkaaüi 
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Vb Ir(M(KM+l) .EQ.52.AiMD.MiKM).EQ.Ü)faü   TO  9fl 

JU   TO  99 

vlKMH)=-V(Kf1) 
Oü  Tu   100 

99 lJ-((M(KM).ANü.Ob) .NE:.Ob)60   TO   100 
1AN=SIöN(üNORX(KM)/PNUKY(M)»-üNOFU (KM)»ÜNÜRY(KM)) 
lF(0M0KY(KM).tU,0.0)TAN=10«*20 
M=KMfKMAX 
Kb=KM-KMAA 
iMMCKMUj.EU.LOGÜ   TO   101 
IF(MIKM-I) .EQ.EDÜU TO 102 
lF(MlM».EW.EC)t»ü TO 103 
ll-lM(Ktt).tU.E.C)GÜ TO 104 
IF(M{KM+1) .EO.SO&O   TO   101 

ini Xo=(Zb{L)-PMÜKY(KM) ) / TAN* ^NIORXCKM) 

If(M(KT).tU.EC)bO   10   110 
lMM(Kt)).LO,EC)toO   10   111 
ALl=UÜ(K)-HNORX{KM) 
AL2=üK-ALl 
U(KM)=-(U(KM-li*ALl)/AL2 
II-(TAN.Gt.lP**lC)bü   TO   112 
1F(({M(KT) .ANü.FULL).Eu.FULL),ANü, (XU.GT.|<t3(KM )bO   TO   11*1 
MLl=l<(K)-XU 
AL2=DK-ALl 
V(KM)=-(V(KM-1)tALl)/AL2 
oO   TO   100 

12 2 V(KM)=().Ü 
oo  TO   10U 

110 il-(AöS(TAU).LT.0.2ü)&ü   TO   103 
riiTAN*(R(K)-PNüKX(KM))+PNüRY(KM) 
YL=Y1-Z(L) 
XL=YL/TAN 
AL1=üM-XL 

ML2=I)H>XL 
U(KM)=-(U(KM-1)*AL1)/AL2 

ML1=JH-YL 

AL2=DH+YL 

V(KM)=-(V(KB)»ALI)/AL2 
ÜÜ   TO   1C10 

11.1 Yi = TAi4*(KiK)-PNüRX(KM) )+PNORY(KM) 
YL-Yl-Z(L) 
XuiYL/TAN 

AL?=IJH-XL 
•J(rxM)=-(U( KM-1) »ALI )/AL2 
lK((M(KT).ANÜ.Üti) .EO.OB) .AND, ((MlKM-1) .AIMU.FULL) 

*      .LU.FULDjüO   TO   llii 
lF(((M{KM-l).AlNlÜ.OÜ).tü.Ob).ANü.((M(KT).AND.FULL) 

*,>-.J,FULL))ÜO   TO   116 
äL1=JH|.YL 
AL2=ÜH-YL 
V(K0)=-(V(KM)*ALl)/AL2 
wu   fj   IOC 

IM ALl=R(K+l)-XU 
AL2=UR-ALI 
V(KM>1)=-(V{KM)*AL1)/AL2 

^MIMMM ■MMMMMkMM^ Ml —  .... 
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Ü0   TO   100 
lib AL1=K(K)-XU 

Au^=ür<-AL1 
v/(KM)--(V(KM-i)*ALl)/AL2 
so ro loo 

llo .'H-TAU*(Hb(K)-PNÜKX(KM) )+PN0RY(KM) 

ALI=YK-Z(L) 
AL?=Ü^-AL\ 
0(KM)=-(U(KT)*AL1)/AL2 
oO   TO   100 

10?. Xu=Ub(L)-PNÜKY(KM))/TAN+PijOPX(KM) 
1F(M(KLJ).L^.E.C)üÜ   TO   120 
iKM(K7) .EO.EOüü   TO   121 
ALl=PiWHX(KM)-Rb(K-l) 
AL2=0K-ALl 
U(KM-l)=-lÜ(KM)*ALl)/AL2 
ALl=XU-l<(K» 
AL?=üK-AL1 
V(KM)--(V(KM+l)*AUl)/AL2 
du   TO   .1.00 

120 |J=TAU*(R1K)-PNÜI<A(KM) )+PNoRY(KM) 
1fu=Z(L)-Yl 
XL=YL/rAN 
ALl=ül1>XL 
A4_2=ÜH-XL 
UiKM-l)=-(U(KM)*ALl)/AL2 
AL.l=üH-YL 
ML2=üH+YL 
v(Mi)=-(V(KM)*ALl)/AL2 
t.0   TO   100 

121 YJ=TAN*(R(K)-PN0R^(KM))+PN0RY(KM) 
YL=2(L)-Yl 
AL=YL/rAN 
AL1=üH-XL 
AL2=UH+XL 
U i KM-1)=-(U(KM)»ALI)/AL2 
ALl=DH-YL 
AL2=üH>YL 
v(KM)=-(V(Kb)*ALl)/AL2 
üu   TO   100 

103 ^H=TAI>i*lRb(K)-PNOi<A(KM) )+PlMORY(KM) 

Auls&MU-PNORYtRMI 
AL2=JZ-ALl 
v(KM)=-(V(KB)*ALI)/AL2 
ALl=Z(L)-Yl< 
rtL2:-0^-ALl 
ü(KM)=-(o(Ka)*ALl)/AL2 
(Ml TO 100 

104 0{-TAU*(Rb(K)-PNOl<X<KM) )+PN0RY(KM) 
AL.l=Pl^ORY(KM)-Zb(L-l) 
AL2=1)^-AL1 
V (I\B) =-(V iKM) »ALI) /AL2 
ALl=rK-Z{L) 
AL2=L)^-AL1 
U(KM)=-(Ü(KT)*AL1)/AL2 

00 10 100 
100    CONTlHUt 
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APPENDIX  IV 

SPY PROGRAM 

■ mi 1 

Routine Name 

EXAMIN 

SHARE 

Function 

Dees display and interaction 
for Spy Program 

Sets up core-sharing process 

— ■ 
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bUur:0'JlINL EXMMIN 
COMMON N¥AC»N6eNtUAC»^AC»TMi#Tt4t*TM3 
COMMöli  Nr.YV.LF.»NSTOP.NEüTMrNEt)nFOPF. 
CüMMC!>l   TlML»k:i)riM»E.r)Ül,NPlT»NirEI? 
CüllMÜii  UE(A»Ef,S2rr)T,Vi'lAX,UMAX»K£LAXrCüT 
C'JMMC.I   SIIII^F.Hb.rrNüMAXrUaTüfVbTO.UiiNDfVBNÜ 
CüMMOu  UM,MU»KHOA»toP»bZ»G»lSEC 
COMMON   VliiaJlN»ÜKNPfDLP,N8P»DDR»DDZ 
C OMt'iüt *  NtxH»NEAHP»NPAKT»NDIV 
CO^iNiOl-.  N6HADrKMAX»LMAX,KMAAZrLI-IAAZ,KMAXZZ»LMAAZZ 
CüMMÜ'J   KOMM»LUMNrKOMX»LDMX,MESS(7) 
CüMMCi   If;Kr»XMAX»YMAX»CRTI?A»CRr«ü»CRTZA,CRTZR 
COHHOli   ITtbT.iüZtlZfGAMArPoASfPöASZrPAMBnjASVfGASvZ 
CÜMMOU  NF ,KGt ill I *H»XG»uH»HV»GG»FÜOOE»NTAL»CRAA»DEuZ 
COMMON  Kat>C)»Z{150)»Hb(150)»Zj(l50) 
COMMON  üKuCLöO) »üZci(iäO) 
CöMMüli   M(2'>0n) 
COMMOi«  P(r^n0)»U('i500»,ETA('>5O3)fV(2500)»Pbl(2!i00) 
COMMOII   l3N(jKX (2b0ö) , ÖNÜKY ( 2500) f P(J0KX (2500) i PNOKY ( 2bn0) 
COMMON  US,LZ 
COMMON HÜCVltMüCV2 
COMMi;i4/fl.A<»l/FLA#^ 
COI iMOi i/FL^b/Tl f»NOW»NEDT r NSTP, NPIM 
COrlMCi/bliiFF/E^RORb»NAME»01 VS»Pi40KMS» TEMPS 
COMMÜlvMOubE/INAtll^YrlNSWfSWSTAT 
COMMÜf i/LOOK/l'MA, UMX, VMX»PMXl f UMXi» VMXl 
UIMCMUAON   lPt(70)#IP?.l70)»lP3(7J) 
LOMCAL    iTVfNJMPrtCDTtNSTPrNPlM 
CAl-L   FORK 
LALL   bLTClS 
M"l=MTL(;/bO*f)Ü 
iMPuOTbrNIitR 
iipLTl=Nnt^ 
CAuL i10VETO{2b6»92ö) 
CALL frKlTe l'PKEVIOuS  CYCLEOM 
CALL :!0VEio(l92»t^S) 
CALL iH|Tt(*MAX  PRESSUKFsAAAAA.AÄAO'rl'MX) 
CAuL MOVt [0(192^64) 
CALL WPIlKt'MAX   V-VFLOClTY=AAAA.AAA<>»»VMX) 
CALI   UOVtl0(192»0321 
CALL   KVPITLC^AA  U-VELOClTYzAAAA.AAAO'fUMX) 
CALL   M0V£TO{256r763) 
CALL  «HlTE(*TtiIS CYCLt<>>») 
CALL   MCVE 10(1^2,73*) 
CAuL   WI'IHC^AA   PRtSSORFsAAAA^.A^AONPMXl) 
CALL   MOVKTO(^92»70I*) 
CALL   WHIT^CMAX   V-VF.L0ClTY=AAA6.AAA<>« »VMX1) 
CALL   rlOVLTO(192fü72) 
CALL   .(linTKCMAA  U-VFLOClTYsAAAA.AaAO« »UN'Xl) 
ü=ALObintülVS) 
I8=ÜH 
USMOGiOtEHMOKS] 
Iü=D-»l 
CALL   y.OVtTO( 1^76»944) 
CALL   «KlTtClOOM 
CALL   KOVE(.1.6»20) 
CALL W».|T| I ***<>* »181 

! 
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c 

CfLL 
CMLL 

CALL 
CALL 
CAuL 
uo r^ 

CALL   :.0VI:TO(592FJPLT) 

VLC(;i2»0) 
^lCVt|tMl376r^6<♦) 

ill(ITe(*4A<>*»I0l 

JPuT=oit+oilOO 
C,.\LL   M0VEW(jy2»JHLT) 
CALL   Vf.C{;b?»n) 
C/Cl.l.   ,'lOVtru(60ü»94«*) 
CALL tfect0t*#00l 
CALL VtCf^>Ü»^l 
CALL NÜVLi;(o0ü»H64) 
CAI.'. Vi.c(rr-^OO) 
CALL .EC(3b^»0) 
CALL lCVtTU(704f512) 
CALL .iRlTti'^AX OIVEHGENCEO« ) 
CALL MCVLIOC?^^) 

CALL »<iaTLi'EiMUK^/PNoi<M<>») 
CALL   iJtXEb 
CALL NOVEiodütoJ6) 
CALL XKITECSELECTO») 
CALL MovF.iudToasa) 
CALL.   WKlftC'DTzA.AAAAA^O» ,DT) 
CALL NaVCTW(i70»t%il 
CALL  .i/iaiEl •NPITOM 
CALL   .KüITLC   -AAAOSUPTT) 
CALL M0Vt7afl2ii»9#%i 
CALL   wKI1t;( ,nErA=AA,Aa^AA<>» fbETA) 
CALL MovEiu('.?ar'+40) 
CAL.L   ^KlTti »EPSrA.AAAüaAAO'rEPSa) 
CALL MOVEIüC*»??»'*«!)) 

CALL WKITL{»CYCLE A&AA<>»INCYCLE) 
CALL SEND 
CALL MOVLTOC 130^40) 
CALL   riPITfcl'ITER   AaAA<>, »UHEk) 
CAcL   hPHO 
1[LPTiO 
iKNI lt.rt.K^.ITPLT)on   To   7 
CALL   OEL'-TL 
t.n IThKAliOMS CAN bE 01 SPLAYED OM bCOPE. 
IF ( {UnER-r>IIT).oT.6^)Gü TO 103 
I Y = r)U'U ( ALOGIO (Ul V;*)-io+tf) ♦too 
lF(lT.üT.tnnfj)iy = 1oop 
IF (lY.Lr.bH4)IY=i3lM 
lA=öCiiMuiTCR-NlT)*rS 
IPadvl'LOlb-MID-IY 
CALL   MOVETO(IX,IY) 
CALL   VLC1O(IX»54'+) 

lY-o'«+|AL(;bl.Q(tUROH5)-lD+«*)»lGO 
If (XY«Ur*d«llYS6l 
IP3{NPL0Ts-Nir)-IY 
CALL MuVE7C(iX»IY) 
CALL   VtClOdXrö^) 

MJHMi  -^-^ 
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in 

IJ 

13 
2«f 

lb 

ion 

10) 

102 

CALL   AHC 
CALL   MOVElOCOO^O) 
CALL   wklftl'nLU   AA&AO'»NITER) 
CALL   APNU 
riPLOTb=r>ll-,

t.uTb+l 
llHLf-MItK 
lF(NllEI<.t«i.l)t»0   Tu   105 
CAi-L   Notihl (NiöT) 
IKMLV.LC.DÜO   TU   Ü 
CALL   SLtth 
00   Tl.  b 
CAL-L  MüUSAY 

00   TO   |i6#9»U»19*U) »INY 
lY^E   tb 
hOlMATdH   ,«üT= •»<}.) 
ACCLP"   i^.uT 
hOKHAI(K) 
oo TO in.r 
T1PC    1J> 
f üKMHI('NHIT='I%) 

ACCF.PT   tl'»NPtT 
f OhMAl(1) 
ou   TC   iPl 
TYPE  24 
H0KMA1(1H   »,0tTAS«»t| 
ACCEPT   IP.DETA 
KELAX=bETA*«HOA*Drt*i>/L|T 
00   TG   ).P1. 
lYPE   1b 
F-OKMATtlH   »«EPSz'ti) 
ACCEPT  in,EPS2 
GO   TO   101 

IIPLCTS=1 
UO   lOü   1-|,PLTI-NIT»NPL0TS-Nir-1 
U-t>roii*;: 
iY-lP2(I) 
CALL   MUVET0(IX,IY) 

VLCTi.tiXfb'+'n 
3(1) 
MOVEiUdAdY) 
VECTi^lXrul) 

) 

CALL 

CALL 
CALL 
OU TO 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 

CLEAN 
'jJX^b 
M0VET0(18o»56) 
fciaTLCSlUPO' ) 
MOVLrtM lifer 132) 
wKITb (•CYCI.t<>» ) 
H0VET0(186»2<Mn 
w(UTE.(M'RINr<>«) 
MUVLTÜ{.'.HO#344) 

WKITLCOUMPOM 

MuVLrOdauf^uo) 
i<«IT| (•EXiTOM 
SCNö 

MM^aM MMM-. ■ Hilf iMMItltl   
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17 

16 

19 

io 

ax 
2ü 

CALL w.lO'J.t. 

»0 TO a7,ln»Af),20»2l*,!lv|Y 
l<aT»*5. I'KJi.. 
CALL F.XI I 

!4H1MSVTMJ| . 
i'ü ro in.i 
NtüTi. ruui:, 
OO TO .1(11. 

öj  TU  im. 
KOKMATtlJ 
iriJi: 2h 
t-OftMATUH   »• NUMP= •»"fi) 
ACCCKt   ''^.iMüMPi 

CALL txil 

Su.iUOÜTINi-   jOXtb 
1)0   .1    iulrj, 
-iPLr=(I-l) »nft+jo 
CAwL KlOVCTv)(9t>f J*LTl 
CftuL   LJ'JX 

tiki 
^ÜLli^ÜUriNi-   '»JA 
CALL   VCC(.i'VuD) 
CALL   Vi;.C((W64) 
CAU. ve:c(-a^f»0) 
CALL J'-iCir,-^) 
Kr rUKH 
LrJÜ 

190 
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HILL   bilMKL 
h-NTRY 
E-NTKY 

HKKOl 
MOVSl 
ÖTJFW 
MALTh 

iviüVE'1 

OHLNK 
itALIf- 

191 

Fiu: 

KMAH: 

UONL: 

FüI<K. 

FMAIJ1.. 

JOi^l 

FNAMC: 

URHI 
KPACS 

»tMKI 

AüJA 

rt«HX 
CLUCF 
Jl'.A 

HRKOl 
MOVÜI 
bTJFii 
tiALTF 
MHKZJ 

HO^Etl 
l«U>\/G 
OPt.rjf' 
HALTF 

MovS 
rIKHi 
HHMCS 

ILtJN 
JRbT 

nPiU 
PMMH 
AOJA 
MüVSi 
NRU1 
CLOSF 

:'.,I:NAI«IL 
l,irtU!?.l3)7) 

1,1-ILJFN»» 
'irt'^Ü'JI .UaO! ib?.0 ! ibSl.'Id'?-! 1126 J 

l^OOOÜ'."» 
If*»l5l 

2, Udb) 
UüNt 
2,FILJFN 

r>,KMAP 
1, C.bO) 
.r,r-lLJFiM 

^,FNAML 
l, t.«821111171 

l,F-ILJFIi 
2, t t^til> • Ibl0! Iu20 ! IB21 • lL.2b»11326.'J 

T), («ittflltfUB*! 
.1,1-lLJFN 

UUl'E' 
2,<»fl0tt00 

b,h^APl 

r,FILJFiM 

ib»n(io) 
h'r,C 17./LXAf.(+F ILL. SHAPE/ 
E.MÜ 

-  — . - -— -  
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IIP) 

APPENDIX V 

OUTPUT  PROGRAM 

Routine Name Function 

MAIN 

CONTRL 

VPLOT 

WECT 

CNTRL1 

CNTRL2 

CONTOR 

Read in data,  compute A,  BNDRY, 
and SI matrices.    Controls other 
output functions. 

Displays output functions 

Draws velocity profiles 

Draws velocity vectors 

Displays eyes for velocity profile 

Displays choices for contour plots 

Contour plotting program 

^^iMi—n^gagi—^ian^^M, ,                    ■     — ■- 
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mm 

103 

1 

?. 

3 

Ü 

o 

7 

UIMENS10N 
JIMENblON 
DIMENSION 

DlMLNblÜN 
ÜlMENblON 
ÜIMENblüN 
ÜlMENblÜM 
ÜIMEN'blON 
UIMEtiSlüN 
ÜlMEIlSlON 
LIMENblON 

193 

INTEGEK uL^(2)»bNDi<Y 
DIMCNSSON UU(;.ü.9?.)»vVilörq?.)tPP(lb»92)»bI(lO»9c) 

nNüKY(lb»"2) 
A(UW92)»U(iäOO),V(25:0)»P(2bOC) 

i^ESS(7) 
DIMENbiON bPXaOC)»gPYilOOi 

Xb(100)»YR(iOO)»NSFvJ(lOO) 
XBP(50»2)»Yi3P(50,2) 
M(?.500) 
l<(150)»Z(l5a)»Bb{15n)»ZB(150) 
ABbl^Or^JtYÖöCSO^) 
ME(lü»92) 

PTX(JOO)»PTfl300)fZNP(300)»ZMP(300)»RMP(300)»r?uP 

tJUlVALLNcb   (ME»M) 
EüJlVALENCE(Xbb» X3P)»IYR3» YßP) 
LüUIVALENCL(U»UU) » (Vn/w) » (P»PP) 
CüMMOM/CLp/lN»IXP(lYPr^N 
CüMMfN/MOUbE/lNXrllMYrlMSlWfSWSTA' 
COMMOi^bTuHF/ÜR»üZ»KMAXrLMAXrKOMN,LDMNrKQHX,LjMX,LPblrÜT 

COMMON/WiNÜOW/rtb»WCX»WCY,XL 
CÜMM01VCÜNLVL/NCL5»NCL 
COMMON/dCuN/bLNfXBPfYdP 
INTEGER   EMP»ÜNü»FULL»Üb 
DATA   EMP»BNü»FULL»üB/lb»32»8»20'^/ 
W5=Ö.C 
VJCx=b.n 
Nrbi'N1 

k«CY=b.r 
TYPE  lOOJ 
FORMAT(1H   »•DISPLAY=»»S) 
ACCEPT   lOlrlÜl 
FüRMATCA'M 
TYPE   102 
FüRMATdH   ,«INPUT  FILCs*»ft| 
ACCEPT   lOö'NAME 
FüKMAT(A5) 
IF(lÜi.EÜ.«ARDSMIDl = l 
IF(IUI,EG.'1!359')IÜI=2 
NAME=NAME+32 
CALL 1FILE(2^»NAME) 
P.EAD(22»' ) IMEbb(I) f T = l»7) 
FORMAT (7/*)) 
F,EAD(22»2)KMAX»LMAX 

FORMAT 121) 
PEAb(22»3)bMlN»EPbl 
FORMAT'.2F) 
READ(22»t*)U»D»MU»RH0A 
FORMATmF) 
REAÜl22»5)uR 
FüRMAT(F) 
READ 12? »^üZ 
KEAÜl22<6)ü 
FORMA 1(II 
REAL(22»:»)bPX(l)fbPY(l) 
MM=2 
REAL) ( 22» ?) bPX (MM) »BPY t MM) 

(30f 

MMaMHHM    . ^—.j. ^ ^^ 
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lF(bPX(l),LQ.9PX(MMy.AND.ÜPr(l).EO,8PY(MM))60   TO 

60   10   7 
Ö MM=MM-1 

UO   9   ! = !»(, 

Nsl 
1^ KLAD(22»li)Xo(N)»Y8(MJ»NSf.ü(N) 
11 F0KMA1(2F,1) 

lF{NSE.ü(K).Fu.l)ÜO  TO   12 
NSN+I 
bG   TO   Id 

12 KMAXiZ=KN'AA-2 
LMAXZZ=LNiAA-? 
KMAXZsKMAX-l 
LMAXZ-LMAX-.r 
XöMXrjR+KMAXZZ 
tBMAX=DZ*LMAAZZ 
N=n 
MM=0 

13 NrN+1 

XBH(MM,l)iYR(N) 
fbH(MM,l)=Xb(^) 
IF(NSEGI(N).£0.0)60 TO 13 
XdP(MM,l)=YBn>J) 
>3P(MMrl)=XB(N) 
MM=MMi]. 
XBP(M»1)::YBMAX 
YbP(MM,l)=ABMAX 
bLN(l)=MM 
MM=Ü 

!<♦ MM=MMH 

XclP(MM,?.)=Vb(lMJ 
YßP(MM,2)iXU(N) 
lF(M,

Jtü(N).Fu.l)60  TO   15 
60   TU   J^ 

lb XBP{MM,2)=Yü(N) 
VBP(MM,2)^Xn(N) 
BLN(S)JBMM 

NAME=riAML+fc 
CALL   lFlLtl^3»NAME) 
RtrtJl23)M 
KEAU(23)U,V»P 
F<EAÜ(23)DT»KH0ArTIME»NCYCLE»MU^ PSl 
KLAÜ(23)KUMM»KUMX»L0MN,LL»MX»DK»DZ»KMAX»LMAX 
KMAXZSKMAX-

1
. 

LMAXZ=LMAx-.l 
KMAXZZ=KMAX-^ 
LMAXZZ=LMAX-2 

JO   »»M   i-l»KMAA 
Ü0   »I*   J=1»LMAX 

«♦14 bUÜRY(I»J)=2 
ÜO   '♦.ll   L=2»LMAXZ 

IF( (MF.(2»L) .ANj.r.MP).Evi.EMP)00   TO  »ful 

194 

; 
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39y 

«♦02 

'♦on 

4in 

303 

«as 

«♦lb 

195 
Jf-((Wt.(2.L).ANü.FULL).NF.FuU.)üO TO 399 
NBNOst 
13NL)KV(1,L) = 1. 
oo TO un,'; 
ttNDRY(l,L)=2 
DO m.r K=2»KMAX 
00   TO   (^Os.ifObt'iOTr^cyfflDfNöND 
IF((WL(K»L).AND.0Ü).E^,08)00  TO  W 
bNüRY(KfL)=2 
oO   TO  411 
bNL)KY(K»L)-t 
NBtMÜ=2 
00   TO   Hü 

lF((Mt.(K»L).ANL).0D),NE,.OB)b0   TO   ^Oe 
bNüRY(K,L)=l 
NbNü=3 
oo TO mr 
UNüRYlK»L)=n 
N&NOsS 
00   TO  411 
lFl(ML(K»L).ANü.UB).F:u.OB.OR.{ME(K»L),ANU,üND).EG.IjNn) 
00   TO   «+01'. 
bNUKY(Krl.)=p 
00   TO   41J 
cNUKYtK»L)=l 
NBNU=4 
oo TO mi 
iFnMMKfU.ArnJ.OBKFfci.OB.OR.d.ll  (K»L) .ANIJ.BND) .EO.'JHD) 
bO   TO   410 
0NüKt»K»L)=2 
NBIxD=ti 
00   TO   411 
bNl)Rr(K»L)=l 
NfJNL)=b 
CONTINUE 
UO 412 K=lfKMAX 
lF((ML(K,i).AMU.BNU).NL.BNu)GO   TO  412 
HlMl)RY(K»i)=i. 
IF( (ML:(K»L.MAX),MNr).BNü).NE.BND) JO   TO  412 
bIMÜR) (KrLMAX)=l 
CONTINUE 
Ü0   413   K=tfKMAX 
!KHNüRY(K»2).Eu.?)nriÜKY(K,l)=2 
iFlNVb.Eu.'NMüO  TO   303 
TYPE 299 
FORMAT(1H »'ABMAC CALCULATION FOR PLOT ROUTINES1) 
Ü0 301 L^lrLMAA 
RB(1)=1,/1'\**10 
^B{1)=0. 
KMAX<:=KMAX-1 
LMAX^'rLMA;;-! 
DO   4IT   I = l»KHAXZ 
i;9(I-»l)=RBn)vüK 
00   41ü   I = l»l>iAXZ 
*.B(I»l)=Zu(I)+UR 
DO   417   I=l»KMAA 
DO   417   J=i»LMAX 

mmm mam* ■ 
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Reproduced from 
best available copy. 

m? 

ib 

17 

lb 
19 

2n 

H 

23 

24 
25 

27 

2b 

29 

30 

31 

196 
A(lfJ)=UI< 
UÜ   100   J=l»2 
NjMAX=BLU(J)-l 
.T5tC = 0 
U0   32   I = .t,M3MAA 
iFUHbd M »0)-rüli(I»jn2n,24rlä 
L.1.= ( YÜb (1, J) > . 000001) /uZ+2 
AA=(XbLM I +1.J)-XBB(I»J))/(YbB(I + l»d)-YÜB(I»J)) 
L2=LMAX 
B=XBD(I»J)-AA*Ybb(i»J) 
LuL=l 
iM=n 
DO   10  L=Lj»L2»LbL 
IF(Zb(L)-YBB(I+l»o)-.00000l)17,J7»19 
NrN+l 

KMP(N)=AA*^MFJ(U)+B 
LLlfCsN 
b0   TC   2b 
L3.= (VBb(l,J)-. 000001 )/DZ+l 
AA= ( Xub(I +1r J)-XBB(I»J))/(YBB(1 + 1»J)-YbB(I»J)) 
L?=l 
b=X3blI»J)-AA*YBB(l»J) 
LDL=-1 
N=n 
ÜÜ 22 L=l.l»L2»LüL 
IF(ZB(L)-YöB(I+3»J)+.C0000l)23r2l»2l 
N=N+1 
ZMPJfjsZblL) 
i<MP(N)=2Mf->(N)*AA-«-b 
LL1NL=N 
GO  TO  25 
LUNE=0 
CONTIHltE 
JMAX=LL1NE. 
Ü0   27   KJ=3.rjMAX 
DbiKJ)=(RMP(KJ)-XBB(I»j))**2+(ZMP(KJ)-YBH(I»J))**2 
DO   30   M=.l,JMAX 
TEST-10,0**5 
MTHANSsO 
DO  29   MM=1»JMAX 
lF(ÜS(NiM)-TEST)2ß»2fl»29 
TESTrDSCMN.) 
MlKANSiMM 
CONTINUE. 
KNP(N)=RMh(MTKAMb) 
ZNP(N)=2MH(MTKANS) 
LS{MTRANb) = .in,0»*7 
CONTINUE 
JJ. = ISEC + 7 
J2=IbLC+JMAX 
N=n 
üO 31  KJ=j.i.»J2 
N=N+1 
PTX(KJ)=KuP(lM) 
PTY(KJ)=ZNP(N) 
CONTINUE 

iÜMi -*-- -'--A     -i    i   illfili« ttatimi liftiifllillimiiii 
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1 

32 

33 

3b 
36 

37 

3b 
39 

41 
42 

53 

51 
52 
54 

46 

47 

1721 
49 
bO 
100 

310 
312 

lStC=ISE.C+jMAX 197 

CONTItM'JE 
1 = 1 
1 = 1 + 1 
lF(ABb(PTx(I)-PlX(I-i))-DEPSX)35»35»3ü 
lF-(ABS(PTY(I)-PTY(I-l))-DEPSY)36»36»3rt 
l5tC=lbEC-l 
UO  37  KJ=I»ISEC 
PTX(KJ)=PTX(J+1) 
Piy(KJ)=FTY(J+l) 
CONTIIMUE 
lF(I-IbtC)34r34»39 
lF(I-lbEC)33»39,39 
CONTINUE 
lSECi'=ISEc-l 
UEP=(HX(iSEC)-PTX(ISECZ))**2+(PTY(ISEC)-PTY(ISEC^))*«2 
UCP=bGiRT(L;tP) 
IF(DEIJ-.2*UK)41,42»42 
lSEC=IbECz 
CONTINUE 
DE.P=(PTX(2)-PTX(1) )**ü+(PTY(2)-PTYU) )**2 
UEP=bURT(0c:P) 
L=ISEC 
lF(NYb,Efc»,'N')bÜ   Tu   54 
TYPE   53 
FORMAT(1H   »///»•   BOUNDARY-MESH   INTERSECTIONS') 
Ü0  51   K = .1,L 
TYPE   52.K,pTX(K)»K»PTYiK) 
FORMATdh   ^•PTX(•,I?»•) = ,»F»•   PTY( • »12» • ) = • »F) 
ÜÜ  50   K=1,L 
ll=(PTX(K)+,001)/DR+2 
Jj={PTY(K)*,00l)/DZ+2 
Xl=PTX(K)-FL0AT(II-2)«üR 
Yl=PTY(K)-FLOAT(JJ-2)*UZ 
IF(X1,GT.,000001)60  TO  47 
IF^Yl.LT.00005.OR.Yl.GT.0.19099^)60   TO  49 
1F(BNDRY(II»JJ).E0.1)ÖÜ  TO  46 
A(n»Jj+l)=Yl 
A(II»JJ)=L)^-Y1 
60   TO  49 
IF (XI. 6E., 19990)60  TO  '+9 
IF(BNDRY(11»JJ).EQ.1)A(11»JJ)=jR-Xl 
1F{BNÜHY(I1+1»JJ).EQ.1)A(II+1»JJ)=Ä1 
IF(BNDRY(II-1»JJ).EQ.1)A(II-IfJJ)=DR+X1 
FORMAT(1H   »2I»F»I) 
CONTiiJUE 
CONTINUE 
CONTINUE 
iFCNYb.EO.tNMGO  TO  312 
DO   310   K=l»KMAX 
DO  310  L=l»LMAX 
lF'ABS(A(KfL)-0.2).LE.0.0001)60   TO   310 
CONTINUE 
CONTINUE 
ÜÜ  P15  L=liLMAX 
bl(l»L)=0.5 
NöNü=0 

«HMMla ■■—"■■—■-        ^...... ^ 
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911 

912 

914 
91b 
900 

106 
107 
10B 
201 

20n 

109 

309 

306 

307 

308 

3Pn 

301 

lF(ÜNulvY(l,L),EQ,l)NBNu=l 
DO 911 K=2»KMAX 
IF(NBI>IU.GT.O)GO TO «12 
IF(üNDRY(K»L).EQ.1)NBNü=1 
Sl(K»L)=0,r) 
GO TO 914 
lF(öNüRY(KfU.EU.0)NBND=2 
lF(NBND.EQ.2.AND.BNDRY(K,L).rQ,2)G0 
Sl(K,L)=Sl(K-l,U-0.5*A(K-l»L)* 
(VV(K»L)*RÜ(K)*VV(K-lrL)*Ra(K-l)) 
CüNriNUE 
CONTINUE 
CALL SETDIS 
CALL RECTI(6) 
CALL CONT«L 
CALL 5END 
IF(IDI,EQ.1)CALL AMOUbE 
lF(IDl.Eä.2)CALL WMOUSE 
lNY=(iNY+i2a)/l28 
GO TO (106.107»109,1H,108,111),INY 
CALL EXIT 
GO 10 105 
CONTINUE 
CALL CHGBiN 
CALL CLEAR 
CALL CNTRLl 
CALL VPLOTIV) 
iFdDi.EQ.DCALL  AMOUSE 
IF(IDI.EQ,2)CALL WMOUbE 
INY=(INY+128)/128 
GO TO (900»2C0r201)tINY 
CALL CHGBIN 
CALL CLEAR 
KB(l)=l,/in,«*io 
DO 309 K=l»KMAXZ 
RB(K*l)rRB(K)+üR 
za(i)=o, 
DO 306 L=lfLMAXZ 
ZB(L+l)=Zb(L)-»-J2 
H(l)=-n,5*RB(2) 
Z(1)=-.05*ZB(2) 
Du 3C7 K=2.KMAX 
f<(K) = (RB(K)+R8(K-l))*.5 
DO 308 L=2»LMAX 
Z(L) = (2iJ(L)+2B(L-l))«.5 
CALL VVE(T(U»V,R,2,M) 
CALL SEND 
iFdDi.EG.DCALL  AMOUSE 
IF(IDI.EQ.2)CALL  WMOUSE 
INY=(INY+I2a)/128 
GO  TO   (90c»300)fINY 
CALL CHGBIN 

CALL MGVETO(Ofiooo) 
CALL SEND 
CALL CHGASC 
TYPE 3P1 
FORMATdH »'wb=«»$) 
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30? 

357 

305 

lin 
lit 

113 

11H 

115 

lib 

117 

lib 

119 

120 
121 

122 

ACCtPT 302»WS 
FORMAT(F) 
TYPt 357 
FOKMATdH »«WCXs»»*) 
ACCEPT 304»WCX 
FORMAT IF) 
TYPE 305 
FOKMATUH i'WCYr«,*) 
ACCEPT 30HfWCY 
CALL CUGblN 
60 TO 109 
CONTINUE 
CALL CLEAR 
SC=7nO/((LMAX2-2)*D2) 
CALL CNTKU2 
CALL WMOUSE 
iNYOTsdNY+l^Ö)/!?^ 
IF(INYüT.E0.5)GÜ TO 9Ö0 
TYPE 113 
FORMA PdH »»DEFINE REGION OF INTEREST») 
CALL «MOUSE 
WCX=(iNX-l2a)/SC 
Wcr=(lNY-3bO)/SC+XL 
CALL rtMOU&E 
iNS=WCX-{lNX-12ü)/SC 
TYPE ilU 
FORMAT (1H # »POSITIVE CONTOUR LEVELS=S») 
ACCEPT H^rNCLS 
FORMAT(I) 
TYPE 116 
FORMAT (1H »»NEGATIVE CONTOUR LE'ELS=»»») 
ACCEPT .U5»NCL 
XL=U 
Xw=0 
Ü0 117 I=1»BLN(1) 
lF(YbP(I»l).GT.XL))(L=YbP(I»l) 
Ü0 12.1 J=l»2 
DO 119 I=1»3LN{J) 
IX=1023/2*(1+(XÜP{I»J)-WCX)/WS) 
lr=ir23/2»(l+<YBP(i»J)-WCY+XL)/WS) 
IF(I.EU,1)OO TO 118 
CALL VECLpdXiIY) 
GO TO 119 
CALL MOVCLP(IX»IY) 
10NE=1 
CONTINUE 
DO 121 I=1»BLN(J) 
IX=lP23/2*(l+(XüP(I»J)-WCX)/WS) 
lY=lP23/2*(l+(XL-YtiP(I.J)-*lCY)/'S) 
IF(I.E0.1)G0 TO 120 
CALL VECLpdXdY) 
GO TO 12* 
CALL   MOVCLPdXdY) 
CONTINUE 
CALL   SENU 
GO.TO   (122»123»12H»1^5,900)»INYT 
CALL  C0NTüR(lß»92»5.»VV»BNüRY»A»l8»82) 
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00 TO 1.26 
123    CALL CüNTüK(.l8»92»5.»UU»BNDRY»A»l8»92) 

t0 TO 126 
12«»    CALL C0NT0K(1Ü»92»5,»PP»BNURY»A»18»92) 

GO TO 126 
125 CONTINUE 

XX=LMAX*D?-DZ 
1MX=BLN(2) 
lX=ir23/2*(1+ <-WCX)/WS) 
lY=lC23/2*tl+tAL-WCY)/wS) 
CALL MOVCLP(IX,IY) 

1X=1023/2*(1+(XBP(IMX»2)-WCX)/W5) 
CALL VECLP(IX»IY) 
lX=lC23/2*(1+(XBP(1»2)-WCX)/WS) 
CALL MOVCLP(I*»IY) 

lX=lP23/2*(r+(XX-WCX)/WS) 
CALL VECLP(IX,IY) 
CALL APND 

CALL  C0NTüK(ltt»92»5.»bI»8NuRY»Afifl»92) 
126 CALL  APND 

CALL  MMOUst 
bü   TO   111 
60 TO i?on 
E.NÜ 
SUdROUTlNE  RCCTKNl 
Ü0   10   1 = 1, IM 

JP0S=(I*l2ü)-l28 
CALL MüVETO(7O^,JPüS) 

i"    CALL KECT 
RETURN 
CMO 
SUBROUTINE RECT 
CALL VEC(0»6^) 
CALL VEC(I92»0) 
CALL VEC(0»-6«n 
CALL VEC(-192»O) 
RETURN 
ENÜ 
SUBROUTINE AMOUSE 
CüMMÜN/MOuSE/INX»INY,lNSW»SWSTAr 
CALL  CHÜASC 
TYPE   10 

16 rORMATUH   »•*•) 
ACCEPT   11,INY 

11 FORMAT(I) 
1NSW=1NY 
1NY=INY*12Ö-I2ö 
HETURM 
im 
SUBROUTINE CONTRL 
CALL  MüVETÜ{770»2i|) 
CALL  WRITECSTOPO«) 
CALL  M0VETÜ(7i|6»l52) 
CALL WRITEI^NEW DATAOM 
CALL  MüVET'M752f26«») 
CALL WRITECVECTORSO») 
CALL M0VETO(746»296) 
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WRiTECVELüCITYO») 
MÜVETÜtTaa^^Oö) 
WRITE( »CONTOUR  PLOTOM 
MOVETÜ(7*f6r520) 
WRITEt'PROKlLE^O») 
M0VET0(746»i5ü2) 
^RITEl^ELOCITirOM 
MOVETO(710»664) 
WRITE(»ISOMETRIC  PL0T<>») 
MOVETO(900r2«*) 
WRITtl'lOM 
MOVETO(900»152) 
mnt («so* i 
I«!OVETO(900»2B0) 

WRITECiO') 
MüVETÜ(900»^oÜ) 
WRITEI'^O') 
MOVETO(900»5?6) 
WRITECSO«) 
M0VETO(900»66U) 

WRIT£(»6<>») 

7 
ö 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CAL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
RETURN 
bm 
SUUROUTIME VPLOT(V) 
COMMON/WlNL)OW/MS»WCX»MCY»XL 
COMMÜN/STuFF/DR fUZ»KMAX»SZF 
COMMüN/MOubE/INX»INY»INSW tSWTAT 
ÜIMENSIOri V(2300) 
DIMENblON PV(50) 
KMAXZ=KMAX-1 
CALL CHGÜIN 
CALL MOVETO(OflOO^) 
CALL CH6ASC 
TfPE 3 
FORMATdH »»PROFILE AT Z=»»$) 
ACCEPT Htfc 
LP0S=2ü0+ (PZ*190) / ((KMAX-2) ♦2«üR) -t) 
CALL MOVETO(LPOS»820) 
CALL VEC(-10»0) 
CALL VEC(5»15) 
CALL VEC(5»-15) 
FORMAT(F) 
L=PZ/DZ+1 
KTT=(L-1)*KMAX 
Ü0 6 K=1»KMAX 
KM=KTT+K 
PV(K+KMAX)=V(KM) 
PV(KMAX-K+1)=V(KM) 
ÜC=350/(KMAX-2) 
MOVE=0 
Ü0 7 K=2»KMAX 
IF(PV(K)+10,00000.LT..0001)60 TO 7 
GO TO b 
CONTINUE 
KST=K-1 
PV(KST)=0. 
KND=KMAX*2-KST-»-l 
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PVCKNujsn, 202 
12 DO   13  K=KbTrKNü 

IX-K*SC + .1oO 
1Y=-10.*PV(K)+128 
IFCMOVR.E^.OCALL  M0VET0( Ix» IY) 
CALL   Z1PTü(IX,IY) 

13 M0VE=1 
CALL  APND 
RLTURN 

SUöKOUTIlML   WECKUrVrK, :,M) 
DIMENSION   U( 2500) FV(250>,)»M(2500)»K(i50)rZ( 150) 
COMMON/MOuSE/lNXrINYrlNSWfSWSTAT 
C0MM0N/WlNÜ0W/»"L» WCX» WCY.X'. 
COMMON/STuFF/DRfüZ.KMAX'SZl-'rKDMNrLüMNrKDMXrLDMXrEpSl.DT 
COMMÜN/öOuN/DLN(2),Xt<Pl50»2)»YQ   (50»2) 
INTEGEK tH.N 
INTEGER FLLL»SUK 
LATA PULLpbUK/o,**/ 
DO 311 J=lk2 
U0 312 I=i»bLN(j) 
IX=in23/2*(.l + (XbP(I»J)-WCX)/Wf:) 
lY=lP23/2*(i.+ (YBP(I,J)-WCY+Xl.;/WS) 
lF(I.EQ.l)O0 TO 345 
CALL VECLp(IXfIY+512) 
GO TO 312 

3'*5    CALL M0VCLP(IX»IY+512) 
312 CONTINUE 

ÜÜ 313 I = 1»BL1J(J) 
lA=1023/2*(.l+(XBP(I.J)-rtCX)/WS) 
lY=in23/2*{l+(ÄL-YBP(I>J)-wCY)/WS) 
IF(1.EQ,1)GÜ TO 355 
CALL VECLP(IX»IY*512) 
60 TO 313 

355    CALL M0VCLP(IXrIY+512) 
313 CONTINUE 
311    CONTINUE 

KKKr,5*(2.+KDMN)+.5*ABS(2.-KDMN) 
ULU=,!>*(2.+LÜMN) + .ö*AbS(2.-LDMN) 
I0NE=1 

2b     DO 375 K=KKK»KÜMX 
Uü 375 L=LLL»LüMX 
KM=K+(L-1)*KMAX 
Ka=KM-KMAX 

lF(nM(KM,.AND.bUR).EQ.SUR).OR.((M{KM).AND.FULL).EU.FULL) 

GO TO 375 
2^3     Vl=,5*{V(KM)+V(KB)) 

U1=,5*(U(KM)+U(KK-1)) 
iF(A3S(ui)-.oomi,m,40 

«♦l     1F1AUS(V1)-,001)375»375»40 
4P     Hl=R(f<>) 

Zl=Z(L) 
K2=Rl + 2,*i}T*Ul*DR/EPSl 
Z2=Z1*2.*Ü f♦Vl*üZ/EPSl 
Rl = IOi>JE*Ri 
R2=IONE*R? 
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MlunniiJ mw^B^^pw ■inpampi«nr>f^am^ HWI«UI.II imrn*****1 

37b 

«♦52 

2 

R1=R1+XL 
K2=R2+XL 
1X1=1023/2*(1+(Zl-WCX)/WS) 
1X2=1023/2*(1+(Z2-WCX)/WS) 
m=512+l023/2*(lMRl-*CY)/WS) 
lY2=bl2+lC23/2*(l+(R2-WCY)/WS) 
IF({IAl-Ix2,LE.l).AND.(IY^-IY2.LE.l))Gt, TO 375 
CALL  MOVCLP(IXlrlYl) 
CALL  VECLhMlX2»IY2) 
GO TO 375 
CONTINUL 
IFdONE.Nt.DGO  TO  tJ52 
10NE=-1 
GO TO 26 
RETURN 
t. NU 
r>Ui3ROUTINt.   CNTKL1 
COMMON/MOuSE/INX» H^Y.INSW,SWSTA f 
COMMON/STuf-'F/DR»ÜZ, KMAX 
COMMON/üOuN/bLN{2)» XBP150»2)»YüP(50» 2) 
INTEGER  ÜLN 
CALL  M0VETÜ(120»512) 
CALL  VECTüll20»llft) 
CALL  MOVETU(l0a»l2Ö) 
CALL  VECro(820»l2fl) 
UO  1  J=l'it 
jpos=i2a+j*ioo 
JN=J*i0 
CALL MOVETü(120»JPUS) 

CALL  VEC(-12»0) 
CALL  MOVE(-30»-3) 
CALL  WRITECAA.O'fJN) 
CONriNUE 
DO  2   I = lfit 
lPüS=12n+l*l75 
lN=-32+I*l6 
CALL M0VETO(IPOS»120) 
CALL VEC{0»-12) 
CALL M0\/t(-l2»-lG) 
CALL   WRITECäAA.OSIN) 
CALL  MOVt:TÜ{3»*0f4ß) 
CALL wRITEi'RAUIAL POSITION (MM)<>«) 
CALL MOVETU(32»512) 
CALL   WRITECAO«) 
CALL  M0VETO(1i2»'*92) 
CALL  MRXTE(*X<>*I 
CALL,  M0VETU(32»«+72) 
CA! i. WRITECIO1) 
CA -L  M0VET0(32»452) 
r.ALL  WRITECAO») 
CALL  M0VET0(32.'+32) 
CALL  WRITECLOM 
CALL  M0VET0(32»392) 
CALL  WRITE^VO») 
CALL  M0VET0(32»372) 
CALL  WRITE^EOM 
CALL  M0VETÜ(32»352) 
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3 
4 

6 
7 

«♦52 

CALL WRITLC'LOM 
CALL Mö^ETO(32»33?) 
CALL WHITEMOO« ) 
CALL  MOVETO(32»312) 
CALL   WRITtCCO») 
CALL  M0VETÜ(32»292) 
CALL imiTei9x<>*i 
CALL  MOVE TO(32»272) 
CALL wRiiLi'To») 
CALL MüVET0(32»252) 
CALL WKITLCYO» ) 
CALL MOVETO(32»212) 
CALL .ilRXTt.(,C<^« ) 
CALL M0VET0(32»192) 
CALL WKITEK'MO») 

CALL M0VETÜ(32rl72) 
CALL WHITt(V<>») 
CALL M0VtT0(32»l52) 
CALL M<lTe(*so*l 
CALL M0VET0(32»132) 
CALL MiTei^o*) 
CALL  MüVET0(32»112) 
CALL  MRITEf*C<>*l 
SC=19tV( (KMAX-2)*DR*2) 
Ü0  7  J=l»2 
DO  4   1=1»BLN(J) 
IX=XüP(I»j)*bC 
IY=YÜP(I»J)*SC 
IF(I.EU.1)00  TO   3 
CALL   Vt:CTo(IX+200,927+lY) 
GO  TO  4 
CALL M0VtT0(IXt200»O27+lY) 
CONTXHUE 
DO 6 1 = 1»IJLN(J) 

lX=XaP(I»j)*SC 
lY=YUP(I»j)*SC 
IF(I.EQ.1)00 TO 5 
CALL VECTO(IX+200,927-1Y) 
GO TO 6 
CALL M0VETÜ(IX+200»927-lY) 
CONTINUE 
CONTINUE 
CALL  M0\/ETO(<fl6fU00) 

rtRITE( «AXIAL  POSITIOMO') 
M0VET0(flBö»2'*) 
WRITtC'RETUKNO») 
M0\/ET0(886rl52) 
WRITbCOVERLAYO») 
M0VET0(a96»280) 
WRITECCLEAKO») 
SENU 
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CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
RETURN 
ENÜ 
SUBROUTINE  CNTRL2 
C0MM0N/MOubE/INX»INY»INSW»SWSTAT 
COMMON/STUFF/OR»üZ»KMAX»LMAX 
COMMON/BOuN/ÖLN{2)»XBP(,>0»2)»YaP(50»2) 
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1 

1 
2 

3 

5 

INTEGER  BLN 
CALL MovE-|f'(a6ö»2'*) 
CALL  WHITECV-VELOCITVO«) 
CALL  M0VET0(868»152) 
CALL WRITECU-VELOCITYO») 
CALL  MOVETÜ(8bü»2öO) 
CALL  WRITECPRESSUREO«) 
CALL  MüVErü(874»396) 
CALL  WRITECFUNCTIONO») 
CALL  M0VETO(886r'»22) 
CALL WRITECSTREAMOM 
SC=7nO/((LMAX-2)*DZ) 
DO 5 J=l»2 
UO 2 I=1»BLN(J) 
IX=XBP(1»J)*SC+126 
IY=YüP(I»J)*SC+380 
IF(I.EQ.1)üO TO 1 
CALL VECTü(IX»IY) 
üO TO 2 
CALL M0VETO(IX,IY) 
CONTINUE 
DO <t I = 1»BLN(J) 
lX=XaP(I»j)*SC<-128 
lY=380-YbP(I»J)*SC 
IF(I.EQ.1)60 TO 3 
CALL VECT0(IX»1Y) 
toO TO H 
CALL MOVETO(IX»IY) 
CONTINUE 
CONTINUE 
CALL SEND 
RETURN 
END 
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Reproduced Uom 
he«» ynm jle copy» ; 

bo 

67 

bb 

7P 
* 
* 

WttK^riMft-  CONTüR(M»N.xDIS,GrBi>lD»A»MD»i>ID) 
D*HCrif|9N o(Mü»KÜ) 
wll-lt^lON  ÄX(b).YY(5)»ü(200)»A(200)r 
>(2üri,bNii(MÜ»Nu)»A(MD,ND),F<5)»S(S)»T(5) 
UlMTNSlOM xs(aoOOi»YS(u009)»XP(30O)»YP(3(>0i 
CONH0^/ÄliMUOW/rtS#«iCX#Wr.Y,XL 
CoMHüN/CUNLVL/NCLS»NCL 
lultfiiNLA ü.Hü 
S^ALt=.XülS/FLüAT(M-l) 
Cl-G(Ul) 

uo (>e. J=I»N 

If- (tiNU(I»j),br.l)toÜ   TO  66 
dsAAiNll«l»6IX»Jl) 
o;'=AMAAl(o2»ü(l»J) ) 
Coiü I Nut 
NCLlrNCLS 
l-iiP:»! 
bl=P,C 
OS"- ( v2-61) /FLOA T (NCI. . +1) 
b(.l)=Ci+öb 
DO  t>7  K=2riiCLi 
d(K)-üi,\-i)+bS 
tj=Tt;MP 
U (fil.t»E..O.C)üü   Tu  68 
1ST=-öI/(UCLH) 
NCLl.=iiCL + ,jLLS 
NtLf^NCLS+a 
b(NCL'..>j. )=ü».+ rsr 
ÜÜ  f>*  N=UcLNrNCH 
b(K)=ij(K-.l) + rsr 
C»,LL  ChOJIN 
C^uL   MOVt.|U(0»ie00) 
C<,uL  APNU 

UU.lAVdn   »i.OXr'MIN   GKlD   VALUE.:'   »F,3Xr 
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I-I AX 3KIJ   VALUES   '»F»/lt^   »10X, «CONTOUR  LKVELS»/ 

l-ALL  CHüliiiM 
ÜU   I   i=l»inn 
^(i)=ll-l)*.2 
Yll) = H-J.)*.2 
Ml=M-l 
Mj-N-l 
Lb=ü 
ug 'i*» i=ifHI 
NSil 
wTtVP=J. 
LO  5 u;Nb,(fl 
GO   TO   {3fi4)»JltllP 

Ir(ÜNuiIrj+.U,üt.i.ANU.HN0(I + l,J+l).GL.l)oO   TO   5 

OTLMPsp 
CO  TO  5 
lr (yND{I#ü+.\).Eu,,ii.OR.KNü(I + i,j+i),EQ,j)G0   TQ  5 
NFSJ 
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1 

7 
u 

10 

11 

207 

NS=J-H 
iFCNS.Gl.NJNSsN 
CO TO b 

5     COMflNUEi 
CO TO Ml 

iCL = l 
1S=0 
lF(BNDlI»J).^t.i)lS=IS+6 
iFlDNCdfj+l) .üt,l)IS=lS+2 
lF(fiNÜ{l + l»J+A) .vJt;,l)lS=IS+J 
iMDNt>(I + lrJ).ot:.l)IS=lS+«* 
IF(A(I>l»j)-i.)ll'7f11 
iMAUtJ)-!.)!!'»,!! 
lF(A(Ih.\».J+l)-l.)ll»9»ll 
lF(A(Ul»ü)-l.)ll'lO»il 
lF(f«Nüil»J) .Ey.2.0t<.tli'lü(l»J+*).Cvi.2.0K.F«:jj(If i»JH). 
Lu.2.ÜK.uriU{I + l»J>.EQ.2)G0  TO   ll 
15=1 
00  TO   lö 
lMlS.0t:.l.ANU.I5.LE.l5)b0  TO   li 
ir,=i 
KKKKK=KKKKI\+1 
IF (KKKKK.oT,40)üO   TO   A3 
lFUüCe«E«Ul) fYPE   12»I»J 

12 FOKMATUH   »20Xr3lriWAK(MlNö.,,   «IS«   IS  OUT   OF   RANGE» 
*     3A»2ili = I3,3X»2Hvj=l3) 

13 FU)-w(I'J) 
Ft2)=G(I»J+?.) 
Fij)=oiI+l»J+l) 
F(»i)=0(Ii-l»J) 
S(1)=X(I) 
5(2)=X(I) 
CJ( j)-X(I + i) 
S(U)=X(Ifl) 
ra)-r(J) 
r(2)=Y(j+\) 
T(3)=YtJ+l) 
r(»+)=Y(j) 
INSU 
00   TO   i JÜ.ltrliäf lo»l7»i8»19»2ü»2Df2l»27f2<+.23rt»3»'i3),IS 

^ lt*)~6{ [ + 1»J+1) 
Flü)=vJ(I + l»J) 
Sl3)=X{i + l)-A(I»JH) 

V(2)=Y( J) «-Ad» J+l) 
T{'*)=Y(J+1) 
T{b)=Y(J) 
INSS 
oo To 2a 

lb F(J)-ÜlI+l»J+l) 
h(*+)=0(I>l»J*-l) 
F(b)=5(I+l»J) 
S(3)=X(I)>A(X+l»Jfl) 
S(^)=X{Ifl) 

lllMtlll     ■    ' '--'-'" -^■■■--"—-' ■-'-■- •■'-- - 
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1 

lh 

üv>   TJ  2M 

C>(5):X(I) + UI + 1»J) 
• iH) = r(J^ n-A(Ul,J) 
TlSiSYfJi 
i ^-r> 

1/ f;l<i)-öil»j>l) 

• (3)-r(wt)+AflTlrJ+l) 

OJ   70   28 
lf-(Li^Ü(Irj+\).üL.l.ANÜ.3ND(I + l,J).GE,i)C0   TO   ^5 
i:(l)=ö(I»j) 
(•(S)=ö(I,j) 
j(5)=X(I+l)-A(i,J) 
r(l)=Y(J+l)-A(I,J) 

0j  TO  28 
19 FiJ):ü(IUtj+i) 

'5l5)-X(I)+A(l + i,J+l) 
^li4)-X(I) hA(I + l»J) 
Ii>J-4 
*»0   TO  28 

20 F(i}3<i|I#j} 

S(.U=A(iti)-A(I,J) 
^Cil-Xd + D-AdrJfl) 

v>0   TO   28 

H"(<4)-o{Ifl»J) 
r(.U = T(wl+l)-A(I»J) 
• ('•n = r(j*i)-A(i+i,j) 

oO   TO  28 
22 IÖ..-4 
23 F(XM#|t*J} 

Fto)-A(I + l»J>i}*(t(Ifi,J+l)-C(I»J+l))+0(I»w»+l) 
5(d)-X(I)fA(lfl»J+l) 
r(.i) = r(j+i)-A(i»j) 

oO   TO  28 
2«* F(l)=o(I»j*l) 

F(2)=o(Ifl»JM) 
r(J)-ö(I+i,j) 
iMD-Ml + D-AUrJH) 
S(2):X(I+l) 
r(l)=f(J+l) 
r(J)-t(J>l)-A(l+l»J) 

208 
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209 

: 

üy 

30 

3«> 

20 

lN=3 

»0 TO 
kb ULZZ 
2b      IF (iND(i,J) .be.l.AND.tiNüdi-lrJ+D.GE-.l) 

F(ö)=b(I+l.J) 
S(4)-X(I)+A(I+1»J) 
r(2)=Y(j)>A(I»J+l) 
r(3)=Y(J) 
llM=.3 
ojro 2ü 

27     I- O.) =ti (I»j) 
F(2)=G(I+lfJ+l) 

Sl.1.)-X(I + l)-A' Ir J) 
S('i)=X(I + l) 
T(i)=Y(J)«.A(l + i»^H) 
T(i)=r(J) 
LM=3 
ICL=1 

Üö     Ü0 42 L=-1»NCL1 
UL=0 
ISwrl 
list 
12=2 
3l=F(Il) 
52=F(I2) 
IF CitD-ol) 
IF (b(L)-vi2) 
IF 02-61.-)) 
i.L=Lc+i 
IF (AÖS(SiI2)-S(Il)) .LT. 0.0Ü01) 
Su0t;'£=(ni2)-T(Il))/{SiI2)-S(U)) 
IF (AüS(SLOPE).OT.l.O) GOTO 33 
XX(Li-):(b(12)-ti(Il))*lb(L)-Gl)/{62-Gl)+S(ll) 
Y Y (LL) = (XX (LU)-S (11) ) *i,LOP£+T (11) 
oOfO 34 

33 bLOP :•= (S(I2)-S(I1))/(T(I2)-T(I1)) 
YY(Ll.) = (l(i2)-T(Il))*(d(L)-GJ)/(G2-Gl)+T(ll) 
Xx(Lu)=(Yr(LL)-T(Il))*bLOPE+S(ii) 

34 ii = im 
I2-I2»-1 
GOIO (3ö»36)»IS^ 

3b      IF (12.LE.IN) GOTO 29 
Xl=l 
I2=[>i 
I5.v=2 
GOTO 29 

36 IF (LL.E^.O) GOTO 
IF (.-L,dü.2) GOTO 

37 IF(ISEE.EJ.I)TYPE 
3ü      FOKMXT (• 

GOTO 42 
39      IF (XX(1).LT.XX(2)) 

ruM=xx(i) 
XXII)=XX(2) 

bt'TO 22 

30»37f3l 
34.37»32 
34»37»32 

GOTO 33 

42 
39 
3U»LL'B(L)»I»J»(r (ID »Ii=l»4) 

WAK«MING.,.'»l2»Fl0.5,2I2»4Fli:,5) 

GOTO 40 

— ■ -   igf MI iiiiiii^ 
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lKrÄ,,Ät 

fo 

4.1 

42 

4i 

44 

4b 

4b 

47 

4ü 

49 

50 

SUiJ   CONTUKt) 

bi 

<ä(?>=TEM 210 

fYHUVYIfl 

4SfCiUXA|ll 

l.'i=L5fl 

f3IL3)syV|2} 
IF (i.b,LT, QOOO)   ÜÜT0 42 

Kü«?4Al (' DIMENSION ON XS IS TOO SMALL IN 
CALu cKll 
CtfNTlMUC 
JOIü i'*j»?'l»4J»27) »ICL 
CU.«T(MUg 
ooro 2 
COiNTINUE 
l-SSAi/=Lb 
iONE-i 
lb«--! 
1:^3=, oni 

IPS=L 
J.J-0 
lO.JE^l 
Jj=JJfI 
XHlJJ)zXS(U) 
rP(JJ)=YS(L) 
Jj=JJfl 
ir   (JJ.LT.^OO)   oOTO  40 
TYrT.   4? 
KU.<M,\V   (•   DIMENSION   ON   XPr rP  HAS  dELII  EXCEEDED») 
CALL u.xir 
;vP(j.j)=xsii.+ii 
Yp(JJ)=rS(L+l) 
K = 0 
K=K>1 
IF   (A.LU.L+I)   öOTO  55 

IF   (AdS(Ab{K)-AS(L+l) ) .üT.EPS.0K,AdS(YS(^)-YS(L + ^) ) 
.OT,f:PS)   oOTO   55 
us-L-j-a 
IF    (Lb.LE.O)   (jOTO   56 
U131. 
L-K-..! 
Ki=r; 
IF   v (-1. J**K.Lr.0.0)   viOTO   51 
TLM=XS(K-J.) 
XSlK-UiX^lK) 
AS(K)-rF:M 
• t.M-YS(K-i) 
V5lK~l)=Yb(K) 
)t»(K|STCM 
LzK-o 
KJ=K-1 
IF   (K.bT,1,1+1)   00TO   52 

- - — ■ Oiiiiiri ir       in in 
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ab 

5t> 

60 

I b/ 
5J 

ö2 

5'J 

o4 

üOTü  bJ 
L=Kl 
IF    (L.uT.O) 
L=l 

AS(LL)=XbiLL+2) 
YS(U.)=YbiLL+2) 

(K.LT,Lb.ANU.X(K).Lr.FLüAT(M)) 

L1=L 
LSsLS-2 
OulO  53 
wi={.jj-i) m+ibw)/.?*! 
CALL LNPLT(XP»YP»JJ) 
I A-.i ^23/2* i 1.+ ( VP (jl) -wcx) /wS) 
iKiI,'NL.t»r..\)üü   Tu  6D 
rr-jnC3/a*il+lXP(jl)-rtCY+XL)/WS) 
00  TO  bl 
Irslfl23/2*(l>(XL-AP(Jl)-rtCY)/Wb) 
Cüt4l iiNllL 
C/\LL   MuVCLP(iX»rf} 
uo K»I j=i:,jj 
if (ibw.Lv.?) ooro 57 
Jl-JJfl-J 
bl/fO   bd 
Jl-J 
lX=lü23/ri*(l+( fP(Jl)-rtCX)/wS) 
lFllOii[..üT..l)oÜ   TO   62 
1 r«l 023/;:« (.u ( XP ( JI ) -WCY+XL ) /AS) 
00  TO b3 
ItSl02V2« (1 M XL-AH (Jl) -WCY) /wb) 
C0HT1NUL 
CALL   7t;CLp(IX»IY) 
COIMTINUE 
lF(iÜhiL.üT..l)00   Tu   6''r 
iLI^-lOfJL+l 
00 TO jo 
COhTiUUL 
iKLS.Lr.OjRtVUUM 
ibw=-iSW 
OOTO  4b 
LNO 
SüüROUTIIJL  PLüT(A,Y»N) 
C0liMON/FlAT/üX»uY 
If- IN.LT.U)00   TO   1 
A^lOn.*(A>uX) 
ü=iljn.:MY>UY) 
M=[K1A(A) 
l<b-IllA(ti) 
IF{H.E:Q,3)CALL 
1HN,LU.2)CALL 
KtTURN 
üX=JXfX 
DYsOV^Y 
KLTUKN 
LI 40 
SOLlROOTHJt  FIWI 

211 

O0T0  H9 

HOVETOtNA.NB) 
VECfO(NA»NÜ) 

  . 
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1 

CALL  MHtt 
I'.LriJItiNl 
LMl» 
ÜÜbRUUTINl   IüPLuT(XX»Yf) 
C0MM(.)IVK1A1/DX»üY 

üY-u.n 

US-H.0 
WCXro.n 
wcY=i.,n 

LNIV 

SUttKOUTlNE  SYMöL^(XX,Yr»Hr»NOü,NNN»I) 
KHUKU 
tNU 
SiMfHIUTti«   Nl>Mbf;R(XXX»YYY.HHH»rtRRr^Z2,iIlK) 
KtTUKIi 

212 
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c 
c 
c 

c 
c 

c 
c 
c 
1 

c 
c 
c 
2 

3b 

c 
c 
c 
c 
4 

4b 

C 
c 
c 
b 

bb 

C 
C 

THIS StT OF SUBROUIINtb PERFORMS CLIPPING UN 
ÜATA PASbEÜ Tu IT THROUGH VECLP ANÜ MQVCLP 
CALLS. (4-20-72) 
SUBROUTINE. VECLP(IX»IY) 
COMMON/CLP/IN»IXP»IYP»MN 
LOOICAL IN 
IF(.NOT.IN) GO TO 12 
THE PREVIOUS POINT WAS INSIDE OF THE FIELD 
OF VISION DEFINED T3Y THE SCOPE. 
N=0 
IF1IX.OT.1023)N=N+1 
lF(IX.LT.0)N=N+2 
lF(IY.eT.l023)N=N+3 
Il^dY.LT.ONsN+e 

S=(IY-IYP)/(IX-IXP) 
Go   T0(lr3»b»4»2r4r6f8»6)fN 

ENURE LINE IS VISIBLE 

CALL VECTO(IX»IY) 
oo TO 11 

LINE GOES OUT ToP RIGHT HAND SIDE OF JCREEIM 

IxS=(lP23-lYP)/b+lXP 
lF(IXS,GT,in23) GO TO 3 
CALL VECTO(IXS»1023) 
GO TO 10 
IF(IY.E0.IYP)G0 TO 3S 
lYS=(ln23-IXP)*b+IYP 
CALL VECTo(1023rlYS) 
GO TO 10 
CALL VECTo(l023rIY) 
GO TO 10 

LINE GOES OUT TOP OR TOP LEFT HAND SIoE 
OF SCREEN. 

IF(IX.EÜ.IXP)Gü  TO  45 
lXS=(lP23-IYP)/b+lXP 
lF(IXS,LT.n)GÜ   TO   5 
CALL VECTo(IXSrlC23) 
GO TO 10 
CALL VECTO{IX»1023) 
GO TO 10 

LINE OOES UUT LEF1 HANu SIDE OF SCREEN. 

IF(IY.EQ.IYP)GÜ TO 55 
IrS=lYP-S*IXP 
CALL VECTo(0»iYb) 
GO TO 10 
CALL \/ECTO(0»IY) 
GO TO 10 

LINE GOES OUT OF BOTTOM OR BOTTOM LEFT COPMER. 

213 



mnmm^^ iw"ii, '"in- ' ■'-•■"» .jii n^Lwiiipii wr^iwnpmmpHf*«^ ■PHP "-" '■ ""' "»wiiww 

c 
b 

7 

C 
c 
c 
ö 

in 
11 

c 
c 
c 
12 

13 
m 

c 
c 
c 
lö 

15b 

C 
C 
C 
lb 

214 

IMIX.F.Q.IXP)G0 TU 65 
1AS=IXP-IYP/S 

1F(IXS,LT.0)6U TO 7 
CALL VLCTUCIXS^O) 
bü TO 10 
CALL VECTO(IX»O) 

bü TO 10 
IYS=IYP-IXP*S 
CALL vEcTo(o»iYb) 
oo Tu in 

LINE GOES OUT ÖOTTOM RIGHT HANü COHNER. 

lYSzIYP4-b*(1023-lXP) 
lF(IYb,LT,n)OÜ  To  9 
CALL   VLCTü(102JrlYS) 
60   TO   10 
lXb=lXF-lY(VS 
CALL   VECTudXSrO) 
IN=.FALSE. 

lXP=iX 
1YP=IY 
MN=N-1 
KLTURN 

LINE is COMING INTO FIELD OF VISION, 

NzO 
b=(lY-lYP)/(IX-IXP) 
lF(IX,GT.1023)N=N-»-l 
lF(IX.LT.0)N=N+2 
lF(IY,bT.1023)N=l^3 
1F(IV,LT.0)N=N*6 
N=N+1 

bO TO a3,23»23»25»23»23»23»23,23)fN 
GO 10 a5,17»l6»U»16»l8»20»18)»MN 
IXS=(lP23-IY)/S+IX 
iFdXS.GT.1023)00 TO 15 
CALL MOVET0(IXS»lÜ23) 
CALL vECTodXriY) 
GO TO 22 

LINE lb COMING FROM RIGHT bIDE OF SCREEN. 

IF(IY.EQ,IYP)GO  TO   1J5 
lYS=(i023-lX)*S+lY 
CALL  MOVETO(1023»IYS) 
CALL   VECTüdXfIY) 
GO   TO  22 
CALL  MOVETO(1023»IY) 
CALL   VECTüdXdY) 
GO   TO   22 

LINE is COMING FROM TOP OR TOP LEFT, 

IMIX.EU.IXP)G0 TO 166 

■ ■!■ II               
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166 

C 
C 
c 
17 

175 

lb 

ibb 

iy 

2n 

21 

22 
23 

IxS=(lü23-lY)/S+IX 
iFdXS.LT.OGÜ  TO  17 
CALL  MüVETÜ(IXS»1023) 
CALL   VCCTotlXflY) 
60  TO  22 
CALL MOVEIO(IX»I023) 
CALL VECTO{IX»IY) 
b0 TO 22 

LINE IS COMING FROM LEFT SIDE OF SCREEN, 

lKIY.Eü.iYP)&Ü TO 175 
IYS=IY-S*1X 
CALL MOVETO(0»IYS) 
CALL VECTü(IX»IY) 
bo TO 22 
CALL MOVETC(ü»IY) 

CALL VLCTO(IX»IY) 

bo TO 22 
lF(IX.EQ.lXP)bO TO 183 
1XS=IX-IY/S 
1F(IXS.LT.P)G0 TO lo 
CALL MOVETOdXSrO) 
CALL VECTO(IX»IY) 
bO To 22 
CALL MOVETO(IX»0) 
CALL VECTo(lXrlY) 
bO TO 22 
lYS=IY-IX«b 
CALL MOVETO(0»IYS) 
CALL VECTO(IX»IY) 
GO TO 22 
S=(IY-1YP)/(IX-IXP) 
XYS=iY+S«{1023-IX) 
IF(IYS.LT.P) GO TO 2l 
CALL MOVETO{1023»IYS) 
CALL VECT0(IX»IY) 
GO TO 22 
IXS=IX-IY/S 
CALL MOVETO(IXS»0) 
CALL VECTo(IX»IY) 
1N=.1RUE. 
MN=N-1 
1XP=IX 
IYP=IY 
RETURN 
ENÜ 
SübROUTINt M0VCLP(IX»IY) 
COMMON/CLP/IN»IXP»1YP»MN 
LOGICAL   IN 
IN=.TRUE. 
N=0 
lF(IX.GT.in23)N=N+l 
lKlX.LT.C)N=N+2 
lF(IY.bT.l023)N=N+3 
lMlY.LT.0)N=N+6 
N=N+1 

215 
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I 

I 
3 

1 
2 

1 

00 TO (l»2»2»2r2.2»S,id,2),N 
CALL MOVE.TO(IX»IY) 
00 TO 3 
lN=.FALbt. 

hNSN-1 
KLTURU 
ENÜ 
SubROUTINt  D0TCLP(iX»IU 
CüMMON/CLP/IN,lAP»lYPrMN 
LOGICAL   IN 
f«r(.' 
lF(IX.tT.in23)N=N+l 
lF(tX,LT.0)N=N+2 
lF(IY.GT.in2ä)N=N+3 
IF(IY.LT.0)N=N+6 
M=W+1 
00   TO   (1»2»2»2»2»2»2»2»2)»N 
CALL  büTAT(IX,IY) 
MN=fJ-l 
1XP=1X 
IYP=IY 
KLTUKN 
F:NU 

216 
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APPENDIX VI 

MISCELLANEOUS PROGRAMS 

Routine Name 

SAVCOR 

PSEUD 

SLEEP 

GETIT 

PRINT 

TYPE 

APPLE 

Function 

Saves a core image of currently 
executing program 

Sets up pseudo-interrupts 

Dismisses process for specified 
number of ms. 

Determines latest version of 
saved core and gets it. 

Reads in data file and formats 
for line printer listing. 

Reads in data file and formats 
for teletype listing. 

Appends error function to a 
display file. 

MMH MMIHtMM aMMHM MjbMHÜtdjtt^ —"   —■^^--         ■ . 



I U>.'i   I Mill II. UMIPI^^IWim. ., i wi IIJ mi inmiE^inpiiiiHw^iippiaimi^mipaKa^««. mm mwn *i^^m^m*mm 

218 
TL ILL SAVCuH 

LNTHY AUSAV 

EXTERMAt k-LAGi 
SAVha.o: bLOCN 20 
MiibAv: n 

MOVCH J7»SAVKLe+l7 
MO\/tl 17»SAVREG 
ÜLT .l7»SAVREü+lf. 
MOVEI 1,«+00000 
OtVEC 
HuVEM 2,bAVLüCM 
I«RLZ1 i,.lHl»UU3b 
MUVE 3,KLAG1 
/>OKI 3r.l 
NOVEM 3rFU01 
HF^KO 2>KSTAKT(S| 
oTJFi>l 
HALTI- 
HRH2M I.JFNSAVH 
WO VEi 1»400000 
HRLI 2,\ 
HRKI 2fKENlRY 
stvtc 
HRLI l»'+OO0C0 
HRK l,JFNbAV 
MOVE 2,L777760,»20J 
bAVE 

KE.jrxY: Müv/K 1,400000 
HHLl M 
HKk 2»bAVL0C 
S£VEC 
HRLZI l7»SAVREG 
bLT 17» r? 
ORA l6fU6) 

HSTAiU: tASCU/l3.rji'lPJJL/J 
LASCiZ/R.üMPf2/] 
t:Mu 

am ■^^-j--t*^-'^*^-~:- -    - —  --.-*-■-—>—-—^~-—*- -»■.^....  - ., 
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um 

l TIUS  HKOOfiAM 
IÜ   GtULRAlLD. 

■   i 

1 INTCRRUPT CHAN&F.S THE SE 
1 TTY hUd • 

TITLL IMlKHT 
tUlH\   PSELU 
EXTERNAL FUGS 
TTYsFLüS 

SAVk bLOCK 20 
CMinMu: liLOCK M 
LLVTMB: bLÜCK 3 
PCSAV: t>L0CK S 
Pbtuu: n 

MOVEM 17»SAVR+17 
KiüVEl lyrSAVK 
bLT 17»SAVR+16 
HKLI 1,1 
MüVEN: l,CHMTAö 
MkKl l.PCSAV 
MOVEM IpLEVTAB 
MOVE1 1,400000 
HRLI 2,LEVTAb 
HRRI SfCNNTAB 
SIR 
M0VE1 1,400000 
EIR 
MÜVEI 1,400000 
MOVE 2,L40?00OMOD 
AK 
MOVE 2,L26r,0J 
ATI 
hRLZl 17,SAVR 
bLT 17»17 
wKA l6»(16) 

MLS: Ascizvrn FLAG CHANOCU. 
LüG: SCTCHrf 0,TTY 

MOVEM l.bAVR 
IIRROI 1,MES 
PSOUT 
MOVE i.bAVK 
DEÜRK 
ENJ 

ENAbLES  PbEUDO-INTEPROPTb 
KHEM AV is TYPE IN. THE 

bENSE  OF  THE 

TO 
219 

^ 
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1 

SLLLP: 

ülbMJSSES   THE  PROCESS  FOR   bPECIFIEU  NUMBER  OF  MS. 
tNiRt     SLEEP 

220 

HOVCM SbAJ.M 
HoVEl i#irooQ 
Ü1SMS 
MOVE .l,SAl 
JKA ^,»(16) 
ENÜ 

II    ■    ■ ■ mu I i II—ü i   i     in  .   .      ^.^J.^.^... 
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221 
SEARCH STcNEX 

TITLE START RiGHT Klb jOLi 
LOC »oonno 
»THIS HRObRAM üETERMINEÜ THE APPROPRIATE P.DNiP FILE 
no RUN FROM A FID REQUEST  
FNAM1:  ASC12/REQULSTEJ-F-I-b.INPUI/ 
FNAM2: ASCI7/P .DMP/ 
faErn: MOVE 1,LXWÜ 1000Ol»-9 

hRROI 2,FNAM1 
UTJFN 
HALTF 
MOVE 2rLXWÜ 1»7J 
MOvEI 3,2 
bTFDB 
HLR2 2,2 
KüT 2,-1 
JUMPL 2, ODD 
«OVE l,LXl»ü I0000i»2] 
JRS1 NXT 

ouu: MOVE J.,LXWD 10O00i»l] 
NXT: HRROI 

bTw»FN 
HALTf- 

,?tFNAM2 

HRLI 1,400000 
GET 
hRRZ 1,120 
JRST Orl) 
HALTF 
ENU GETIT 

tmm — '■-■■- - ^^-j-v** ~ä— -■ —  ^—t.v^ 
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Ü1MEN 
UIMEN 
Li^Er; 
tüUIV 

IPn 
TyPE 
FORMA 
ACCEP 

in FOKMA 
NAMt = 
CALL 
KF.AÜl 

i FORMA 
NAME: 
CALL 
KCAOl 
KEAO( 
K£Aü( 
READ( 
hRlTE 

lb FOKMA 
WRiTE 

17 f-OKMA 
Ü0 UP 
V.RJTL 

lb FORMA 
V^RITE 

19 F OKMA 
ÜO 2P 

^.P ».RITE 
Ü1 F OKMA 

STOP 
ENu 

SI ON   JU(lürb3),VV(lb»ü2)rPP(lbr82) 
SlON  M(ia»82)»U(2b00)»V(2D00)»P(2500) 
SI ON   I*ICSS(7) 

ALEUcE   (U»UU),(V»VV)»(P,Pp) 
lf!P 
1(1H   r'IUPuT   FILE:1»*) 
\   10]iNAME 

222 

T(A! ) 
NAMC+J^ 
iFlLE(2/?»UAME) 
£i>».1) (MEbS(I)»I=i,7) 
>(7A5i 
NAME>b 
1FILL(2>5»NAME) 

23)U,V,r 
23)C7»RHOA»TIiME,iMCYCLE»MUrtPSl 
23)KuMN»Kui'lÄ»LDMN,LüMX»DK»D2^MAXfLMAX 
lS«>l6)(MESS(n»Xslff7| 
T(1H   »7A5) 
l2t»»l7)NCYCLE 
TilH   »'CYCLE   »ill 

L=.l,LiVIAX 
(?.*♦» lb )L 
rciH   »^=»,13) 
(24»i(>) 
U1H   »»K V u P«) 

K=.1.,KMAX 
(2^»pl)»<»UU(K»L)»vV(K,L)»PP(KfL) 
T(1H   »I3»3A»3F) 

MMftlMM. ^MMI 
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DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 

INTEGER bLN(2)»BNDRY 
DIMENSION UU(18f82)»VV(l8»62)»PP(18»R2) 

MfCltfttl 
ÜNDRY(18*B2) 
VZ(lU>82)»Sl(i8»82) 
DIMR(i50)»ÜlMZ(l50) 
A(18.62),U(2500)»V(2500)»P(2500) 
MESSCT; 
BPX(100)»BPY(100) 
XB(100)>YB(l00)rNSEQ(100) 
XBP(50»2)iYdP(50»2) 
M(2500) 

EQUIVALENcE(U»UU)»(V»VV)»(P»PP) 
EQUIVALENCE(M»ME) 
COMMON/CLP/IN,IXP»IYP»MN 
COMMON/STuFF/OR»DZ tKMAX»LMAX 
COMMON/WINOOW/Wb» WCX$WCY,XL 
COMMON/CONLVL/NCLS»NCL 
INTEGER EMP»BND»FULL>Od 
DATA EMP*BND»FULL»OB/16»32»8»20^8/ 
TYPE 100 

100 F0RMAT(1H »»INPUT FILERS) 
ACCEPT 10i»NAME 
NAME=NAME-i-32 
CALL IFILE(22»NAME) 

101 F0RMAT(A5) 
HEAD(22»1)(MESS(I)»1=1,7) 

1 F0RMAT(7A5) 
READ(22»2)KMAX»LMAX 

2 FORMAT(21) 
READ(22»3)SMIN»EPS1 

3 FORMAT(2F) 
READ(22»tf)D»D»MU»RH0A 

i»      FORMAT («*F) 
READ(22»S)ÜR 

5 FORMAT(F) 
READ(22»5)UZ 
READ(22»6)D 

6 F0RMAT{I) 
READ(22»3)BPX(l)»BPY(l) 
MM=2 

7 REAü(22»3)BPX(MM)»BPY(MM) 
lF(BPX(l).EQ.bPX(MM),AND.BPY(l).Eä,BPY(MM))60 
MM=MM+1 
GO TO 7 

8 MM=MM-1 
DO 9 I=l»6 

9 READ(22»6)rJ 
N=l 

10 READ(22»li)XB(N)»YB(N),NSEU<N) 
11 FORMAT(2F,I) 

IF(NS£Q(N)VEQ.1)G0 TO 12 
N=N4l 
60 TO 10 

12 KMAXZZ=KMAX-2 

LMAXZZ=LMAX-2 

^MAXZ=KMAx-l 

223 

TO B 

MMMtaMrtMi   - 
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LMAXZ=LMAx-l 
XBMAX=DR*KMAXZZ 
YBMAX=DZ*LMAX2Z 
N=n 
MM=0 

13 N:N+1 
MM=MM+J 
XBP(MM,1)=YB(N) 
YBP(MMrl)=XB(N) 
1F(NSEQ(N),EQ.0)G0 TO l3 
XBP(MM,1)=YB(N) 
YBP(MM,1)=XB(N) 
MMSMM+1 
XBP(MM»1)=YBMAX 
YBP(MM»1)=XBMAX 
BLN(l)=N'M 
MM=0 

in MM=MM-»-l 
NzN+1 
XBP(MMf2)=YB(N) 
YBP(MM»2)=XB(N) 
IF(NSEQ(N),EQ.I)60 TO !?> 
GO TO 14 

15 XBP(MM,2)=YB(N) 

224 

YBP(MM,2)=XB(N) 
BLN(2)=MM 
NAME-NAME+6 
CALL IFILE(23»NAME) 
KEAD(23)M 
READ(23)Ü,V»P 
REA0(23)DT»RH0A»TlME»NCYCLE»MUrEPSl 
READ(23)KDMN»KDMX,LOMN,LDMX»DR»DZ»KMAX rLMAX 

202    TYPE 16 
16 F0RMAT(1H »»LOOK ATt'rl) 

ACCEPT 17,IVAR 
17 FüRMAT(Al) 

iFdVAR.EQ.» »»CALL EXIT 
TrPE 18 

IB     F0RMAT(1H »»START AT L=»»$) 
ACCEPT 19,LI 

19     FORMAT(I) 
TYPE 2P 

2P     F0RMAT(1H »«LIST TO L=»»$) 
ACCEPT lo,L2 
ACCEPT 2n3»NDUM 

2P3    FORMAT(1) 
TYPE 2nl»NCYCLE 

2P1    FORMAT(IH ♦»CYCLE »»13) 
lFdVAR.Eü.'PMGO  TO  ZU 
lFdVAR.EQ,»V»{GO  TO  27 
DO 22  L=Li»L2 
TYPE  21»L 

21 FORMATdH   »»L=»»l3) 
Ü0  22  K=1,1B 

22 TYPE   23»K,UU«K»L) 
23 FORMATdH   »•K=»»I3»»   U(K»L) = » »F12.7) 

GO  TO  202 

Mta MM     -..^^j>^ ■      --    ■   — ^   - 
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2<» 

25 
26 

27 

26 
29 

225 
00 25 L=Li»L2 
TYPE 21»L 
00 25 K=l,18 
TYPE 26»K,PP{K»U 
F0RMAT(1H »»KsSlS»« PlK»L)S» »Fl5,7) 
60 TO 202 
DO 26 L=Li»L2 
TYPE 21»L 
DO 28 K=1,1B 
TYPE 29»K,VV«K»I-) 
F0RMAT(1H r»K=»»I3f» V(K,L)=»»Fl2,7) 
60 TO 202 
END 

HMfeMaaMaMMMMl  .—i-^ ... .  ,. 
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226 

M R4AD    -mM   .rILi:   -'OR^l .D^T AND  APPEND   TO   FILE 
Pinir.'^T.   lELETE   FnR31.DßT  WHEN   DONE  

I rLr i^fn r nit 

T rnn ;M, APFLH: 

^■:iz/ :RROR .D-M;!/ 

^".'Evi        IT.SAVR+n 
-'yril        17,S^VR 

1 7,SAVR+1^ 
2,' m MI 
I ,(1821181 7) 

^'1 : 
I'v    V?   • 

- : i ■ ■ • 

L'^P 

3LT 
I'RR^I 
"?VSI 
•T.J'i 

VE Is 

■'^'. r7 

;'Rihi 
■ovsi 
: T.J F: 

-  ^ i ir- 

:J'>. LTr 
■•"VE 

;3IM 
vnVE 
"TSTS 
TL "J-" 
jin 

T^'JT 

ZL " 
' ^',Tr 

"'! ? 1 
ill 
j; • 

n 

l,JFM|l 
2,t4485!lB19 ] 

?,; w^ r2 
1 ,(13311317) 

i vjf«ei 
2,14435!1B2?] 

1 ,JFN1 

3,2 

8f|09l 
DONE 
2,3 
1 ,JFM2 

LOOP 
1 ,J-N1 

1 7,??^VH 
17,1 I 
ISd'S) 

•*^"1—-- —--— ^^iAAaiAariaMAMiMiaaM "^■*^- - - 
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LISTING OF INPUT DATA FOR 
BALL VALVE 
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bTAHK-LLftAKÜÜ  UALL   VALVE(tXTEWüED) 

.2 

.2 
i:»2»l7»2.yl 
n,,n, 
l.7,n, 
1.7»ü.ü 
1.5e»9.jl 
l.bb»9.5t 
l.bb>9.d2 
l.62»in.n7 
1.736»10,b5 
1.^36»in,7a 
l.c>bJ»lJ .0^ 
1.52'+»ll.«+2 
'?.t>9»ll.'»b 
r.ÖH6»11.7'+ 
r.9nrll,'l9 
l-.397»li:,lM 
l,^b»lü.3b 
l.b[.»lü,73 
2,9b*! »Hi. 13 
3.17b»l4.£,.l 
3,2»iutb9 
3.2»lb. 
".»lb. 
n.».\1.2bb 
.I9b»ll,2cj 
.3bü»ll,.m 
.b6.i» U.nyg 
.70o»in.ojb 
.027»in.7/7 
.90ü»in.b9b 
.9«*9»in.399 
.9'»9»1U.209 
.9Ua»li).lUb 
.Ü27»9.ü2j 
.70n,9.tj(.2 
.bbl»9,b2(i 
• 3öb»9.<429 
.19b»9.3o7 
n.»9.3«*b 

n 
l»lö»l»92»(),»-i0,,n»0 
2»lo»i,i*p,,-in,»ü»l 
il»17»92,0:!,0.»-7,b7,l,0 
0 
3d,.0b»k2.'*5».l 
lW»-.nM0l 
1.7»6.b 
l.bb»9.j) 
i.5o»9,bü 
l.b8»9.o2 

228 

mm MMMMMMk J--'  -•-- -■-■--■ ■' ~JA 
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229 

1.736»in.be 
1.73fafin.7o 
1.6dJ»11.04 
I.b2f»im2 

^.ytii.y.' 
1.397,1^.1!' 
1.4b»lÜ.Jb 
l.bb».l?..7j 

3.17!i,m.r)l 
3.202,1'».L)9»2 
-.onnifii.o'jb 
0.190,11.^33 
n.3ü6,ll.l71 
f.bbl,ll.('72 
r>.70n,in.y5ö 
0.b27,10.777 
r,.90Ö,lM.b9b 
0.949,in,j99 
0.949,10.üOg 
^.906,10.1 Of:. 
r>.b27,9.H23 
0.700.9,bo2 
0.bbl,9.b2ü 
n.3Üb,9.Ur:9 
0.19b, 9.3L)7 
-0,0001,9.345,1 
l,0.,3.^,o.»lU.».2B8b,.9 
1,16,1,92 
.OdOb 
20 
.1 
.0001 
.4b 
N 
.01 
20 
20 

  — 
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APPENDIX VIII 

LISTING OF DATA FOR 
BALL VALVE SOLUTION 
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231 

M^MM 

STARR-ElJwARDS BA, L VALVE(EXTENDED) 
CYCLE 277 
L=  1 
K U V p 

1 O.OOoOOOO -35.2557037 o.ooooooo 
2 -C,007b029 -35.2557037 o.ooooooo 
3 -0.0131090 -35.3133917 o.ooooooo 
1 -0,0182086 -35.3263162 Ö.0C00000 
5 -0,0226600 -35.3329953 o.ooooooo 
6 -0,026b6l4 -35.3382938 0.0000000 
7 -0.0304269 -35.3437446 0.00)0000 
b -0,03^2607 -35.3448391 0.0000000 
9 -0,03^m3 -34.7626600 0.0000001 

in 0,03i|1043 0.0682824 0.0000000 
11 0,000^000 0.0000000 0.0000000 
12 0,00on000 9.0000000 0.0000000 
13 0.0000000 0*0000000 0.0000000 
14 0.0000000 0.0000000 0.0000000 
15 0,0000000 0.0000000 0.0000000 
16 o.oocnooo 0.0000000 0.0000000 
17 0,0000000 0.0000000 0.0000000 
10 

L=  2 
0,0000000 -10.0000000 0.0000000 

K 
1 0,0000000 

V 
-35.2409236 

p 
-25.9982292 

2 -0,0075029 -35.2409236 -25.9982292 
3 -0,0131090 -35.3010952 -26.1790384 
4 -0,01fl2086 -35.3151243 -26.5270531 
5 -0,0226600 -35.3228718 -27.0173922 
6 -0,0265614 -35.3290867 -27.6058041 
7 -0,0304269 -35.3348572 -28.2245919 
8 -0,03^2607 -35.3361804 -28.7877768 
9 -0,0341043 -34.7583905 -29.2185578 

in 0,0341043 o.ooooooo -29.4657301 
11 O.OOnOOOO -10.0000000 O.OOOOOOO 
12 0,0000000 -10.0000000 0.0000000 
13 0,0000000 -10.0000000 0.0000000 
l«f 0.00POO00 -10.0000000 0.0000000 
15 0,0000000 -10.0000000 0.0000000 
16 0,0000000 -10.0000000 0.0000000 
17 O.OOcnOOO -10.0000000 0.0000000 
18 

L=  3 
K 

0,0000000 -10.0000000 0.0000000 

u V p 
1 0,0000000 -35.2413002 -58.8076420 
2 -o,oorno38 -35.241300? -58.8076420 
3 0.00i5547 -35.3034645 -58.9373298 

4 0,0030556 -35.3178225 -59.1852829 
5 0,00u330l -35.3254676 -59.5273599 
6 0,0050547 -35.3311151 -59.9238522 
7 0,00^6078 -35.3355452 -60.3163153 
8 0,0010023 -35.3332594 -60.6190503 
9 0,0001551 -34.7578723 -60.6135242 

in -0.0001551 o.ooooooo -60.6192805 
11 o.oopoooo -10.0000000 0.0000000 
12 0,0000000 -10.0000000 0.0000000 
13 0,0000000 -10.0000000 0.0000000 

1— 
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232 
m o.ocooooo -10.0000000 0.0000000 
15 C.0000000 -10.0000000 O.OCOOOOO 
16 o.oornooo -10.0000000 0.0000000 
17 o.oocoooo -10.0000000 0.0000000 
16 

L=  4 
K 

o.ooroooo -10.0000000 0.0000000 

u V p 
1 o.oocoooo -35.2408037 -91,6542172 
2 -0.0005199 -35.2'*08037 -91,b542172 
3 0.0005913 -35.3050075 -91,7389899 
4 0.0018273 -35.3199P17 -91,9006832 
5 0.0030747 -35.3277832 -92,1191096 
6 0.0041225 -35.3333227 -92,3628353 
7 0.0048516 -35.3374450 -92,5882347 
6 0.00^6662 -35.3363112 -92,7424811 
9 0.0002392 -34.7522557 -92,8500302 

in -0.00p2392 o.oooooort -92,8584397 
U c.ooc^oo -10.0000000 0,0000000 
12 0,0000000 -lo.ocooooc 0,0000000 
13 0.0000000 -10.0000000 0,0000000 
in 0.0000000 -10.0000000 0,0000000 
15 o.oornooo -10.0000000 0,0000000 
16 C.oopnooo -10.0000000 0,0000000 
17 o.oocoooo -10.0000000 0,0000000 
18 

L=  5 
K 

O.OOpOOOO -10.0000000 0,0000000 

u V p 
1 o.oocoooo -35.2393445 -124,3235374 
2 -0.001O812 -35.2393445 -124,3235874 
3 -0.00r4366 -35.3056680 -124,3757321 
4 0.0O05936 -35.3214685 -124,4758968 
5 0.0019466 -35.3290677 -124,6103379 
6 0.0034631 -35.3359006 -124,7581425 
7 0.0050768 -35.3402894 • 124,8953906 
8 0.00b3552 -35.3389189 -125,0059348 
9 0.00p3226 -34.7471148 -125,0681379 

10 -0.C10C3226 0.0000000 -125,0796060 
11 o.oocoooo -10.0000000 0,0000000 
12 o.oocnooo -10.0000000 0,0000000 
13 o.oocoooo -10.0000000 0.0000000 
14 o.ooroooo -10.0000000 0,0000000 
15 o.oocoooo -10.0000000 0.0000000 
16 o.oocoooo -10.0000000 0,0000000 
17 c.oooocoo -10.0000000 0,0000000 
18 

L=  6 
K 

C.OCCOCOD -10.0000000 0,0000000 

u V p 
1 O.OOüOOOO -35.2367052 -156,8759889 
2 -0.00i7108 -35.2367852 -156,8759869 
3 -0.0015540 -35.305371° -156,9040962 
4 -0.00c7t46 -35.5224441 -156,9606797 
5 o.oor756a -35.3320152 -157,0384766 
6 0.00?5955 -35.3386700 -157,1260919 
7 0.0044356 -35.3'*33210 -157,2108832 
8 0.00^,0378 -35.341873P -157,2789331 
9 0.00C4056 -34.7424567 -157,3213567 

10 -0.00ct+056 0.0000000 -1:^7,3354568 

inl'iinrii 1 
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11 o.occ^ooo -lo.ooooooo 0.0000000 

12 O.OOpOOOO -10.0000000 0.0000000 
13 o.oocoooo -10*0000000 0.0000000 
1U o.oncnooo -10.0000000 0.0000000 
15 0.0000000 -10.0000000 o.oooooco 
16 o.oocoooo -10.0000000 0.0000000 
17 0.0000000 -10.0000000 0.0000000 
16 

L=  7 
K 

o.oocoooo -10.0000000 0.0000000 

u V p 
I 0.0000000 -35.2331959 -169.3525612 
2 -0,0023061 -35.2331959 -189.3525612 
3 -0.002606U -35.3011031 -169.3615129 
U -o.ooig^a -35.3228927 -189.3611683 
5 -0.0003663 -35.3339322 -169,1205161 

6 0.0017^3 -35.3415921 -169.1663316 
7 0.0039077 -35.3166470 -189.5116211 
6 0.0057533 -35.3151062 -169,5568150 
9 0.00n«+883 -34.7382482 -169.5867535 

10 -0.00c**883 0.0000000 -189.6029790 
1J 0.0000000 -10.0000000 0.0000000 
12 0.000^000 -10.0000000 0.0000000 
13 0.0000000 -10.0000000 0.0000000 
If o.oocoooo -10.0000000 0.0000000 
15 o.oocoooo -10.0000000 0.0000000 
16 o.oocoooo -10.0000000 o.ooocooo 
17 o.oocoooo -10.0000000 0.0000000 
16 

L=  8 
K 

0.0000000 -10.0000000 o.ocooooo 

u V p 
3 0.0000000 -35.2292165 -221.7791139 
2 -0,00?579ö -35.2292165 -221.7791139 
3 -Ü.0031120 -35.3026159 -221.7707601 
4 -0.0025603 -35.3231080 -221,7639112 
5 -0.00C9363 -35.3358281 -221.7651927 
6 0.0013630 -35.3^6953 -221.7787509 
7 0.0037333 -35.3502281 -221.8022016 
8 0.0056511 -35.3181869 -221.8287797 
9 0.0005705 -31.73l'5l81 -221.6519151 

in -0.0005705 0.0000000 -221,6695157 
11 O.ODCOOOO -10.0000000 0,0000000 
It 0.0000000 -lo.oooocoo 0,0000000 
13 0.000^000 -10.0000000 0,0000000 
14 0.0000000 -10.0000000 0,0000000 
15 o.oocoooo -10.0000000 0,0000000 
16 0.0000000 -10.0000000 0,0000000 
17 o.oocoooo -10.0000000 0,0000000 
18 

L=  9 
o.oocoooo -10.0000000 0,0000000 

K 
1 

u 
o.oocoooo 

V 
-35.2266315 

p 
-251,1678113 

2 -0.00i9593 -35.2266315 -251,1678113 
3 -0.0021293 -35.3020561 -251,112J256 
4 -0.0015640 -35.3238367 -251,1079166 
5 -0.0001432 -35.3378758 -251,0776267 
6 0.0019133 -35.3178353 -251,0613033 
7 0.P0i+.l«*79 -35.3538290 -251,0705991 
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B 0.00583«fl -35.3517771 -254.0892553 
9 0.00n6522 -34.7303998 -254.1100872 

10 -0.00C6522 o.ooooooo -254.1283411 
11 o.ocroooo -10.0000000 0.0000000 
12 o.oopoooo -10.0000000 0.0000000 
13 0,0000000 -10.0000000 0 0000000 
!«♦ o,oornooo -10.0000000 o.ooooooo 
15 o.ooooooo -10.0000000 0.0000000 
16 O.ononOGO -10.0000000 0.0000000 
17 n.oopnooo -10.0000000 0.0000000 
16 o.oonoooo -10.0000000 o.ooooooo 

L= 10 
K u V p 

1 O.OOpOOOO -35.2290750 -286.5192001 
2 o.ooo'ms -35.2290750 -286.5192001 
3 0.0018432 -35.3052828 -286.4793879 
*♦ 0.00?62ü5 -35.326515P -286.4189599 
5 0.0032137 -35.340265^ -286.36048C3 
6 0.00(41310 -35.3505190 -286.3246132 
7 0.0053742 -35.3568736 -286.3191259 
8 0.00f,3303 -35.3545625 -266.3363367 
9 0.0007330 -34.7261980 -286.3594410 

10 -0.00C733O o.ooooooo -286.3775831 
11 0.00Cn000 -10.0000000 0.0000000 
12 o.nornPOO -IQ.OOOOOOC 0.0000000 
13 o.oopoooo -10.0000000 0.0000000 
1H o.oopoooo -10.0000000 o.ooooooo 
15 O.OOPOOOO -10.0000000 0.0000000 
16 o.noooooo -10.0000000 o.ooooooo 
17 o.ooooooo -10.0000000 0,0000000 
18 o.ooooooo -10.0000000 0.0000000 

L= 11 
K u V p 

\ o.ooooooo -35.2426425 -318.8180928 
2 0.0059613 -35.2426425 -318.8180928 
3 0.0108315 -35.3169449 -318.7699024 
H 0.01?1493 -35.3335336 -318.6936048 
5 0.0107562 -35.3432108 -318.6156344 
6 0.00872^8 -35.3516936 -318.5625193 
7 0.0075305 -35.3581905 -318.5498644 
8 0.0070213 -35.3561960 -318.5713035 
9 0.0008126 -34.7215280 -318.O0131Ö7 

10 -0.00p8126 o.ooooooo -318.6186370 
11 0.0000000 -10.0000000 0.0000000 
12 o,ooonooo -10.0000000 o.ooooooo 
13 O.OPpnnoo -10.0000000 0.0000000 
14 o.ooooooo -10.0000000 0.0000000 
15 o.ooooooo -10.0000000 o.ooooooo 
16 o.ooonooo -10.0000000 0.0000000 
17 o.oopoooo -10.0000000 o.ooooooo 
18 0.0000000 -10.0000000 0.0000000 

Lz   12 
K Ü V p 

1 0.0000000 -35.2760255 -351.0333714 
2 0.0157937 -35.2760255 -351.0333714 
3 0.027nl52 -35.3437353 -350.9921883 
«♦ 0.02q3990 -35.3484020 -350.9229612 
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5 0.02^3600 -35.3470109 -350.8455013 
b 0,0165756 -35.3'»95941 -350.7860047 
7 0,010518b -35.3557192 -350.7694159 
8 0,0075182 -35.3556961 -350.7981715 
9 0.0008908 -34.7165678 -350.8393545 

in -0,0008908 0.0000000 -35j,8550045 
11 0,000^000 -10.0000000 0.0000000 
12 0,0000000 -10.0000000 0.0000000 
13 0.0000000 -10.0000000 0.0000000 
l«f 0,0000000 -10.0000000 0.0000000 
15 0,00pn000 -10.0000000 0.0000000 
16 0,0000000 -i^.ooooooo 0.0000000 
17 0,0000000 -10.0000000 0.0000000 
18 

»-= 13 
K 

0,0000000 -10.0000000 0.0000000 

u V p 
1 0,00on000 -35.3393737 -383.1229997 
2 0,03p7032 -35.3393737 -383.1229997 
3 0,ü5i787l -35.393720° -383.1160930 
«♦ 0,05^1562 -35.3756569 -383.0950414 
5 0,04s6579 -35.3523087 -3B3.0551249 
6 0>02H4295 -35.3418253 -383.0001974 
7 0,0139093 -35.3462538 -382.9893213 
8 0,0070234 -35.3516214 -383.0227335 
9 0,OCo9674 -34.7122382 -383.0740531 

10 -0,0009674 0.0000000 -383.0874567 
11 0,0000000 -10.0000000 0.0000000 
12 0,ooc^ooo -10.0000000 O.OOOOOCO 
13 0,0000000 -n.oooooon 0.0000000 
H» 0,00p0000 -10.0000000 0.0000000 
15 o.oocoooo -10.0000000 0.0000000 
16 0,0000000 -10.0000000 o.ocooooo 
17 0,0000000 -10.0000000 J.OOOOOOu 
18 0,0000000 -10.0000000 0.0000000 

L= m 
K u V p 

1 O.OOpOOOC» -35.4410753 -415,0495161 
2 0,04q8085 -35.4410753 -415.0495161 
3 0,08^1169 -35.4741767 -41^.1130323 
4 0,0920375 -35.420198U -415.1976858 
5 0,0750737 -35.3605587 -415.2515461 
3 0,0445843 -35.3259444 -415.2488638 
7 0,01^8991 -35.3254613 -415.2280693 
8 0,00^3263 -35.3419695 -415.2510804 
9 0,0010419 -34.7105924 -415.2986449 

10 -0,0010419 O.üOOOOOO -415.3092359 
U 0,000*000 -10.0000000 O.OOOOOCO 
12 0,0000000 -10.0000000 0.0000000 
13 0,0000000 -10.0000000 0.0000000 
in COOoOOOO -10.0000000 u.0000000 
15 0,0000000 -10.0000000 o.oocoooo 
16 0,0000000 -10.0000000 0.0000000 
17 0,0000000 -10.0000000 0.0000000 
18 

L= 15 
K 

cooooooo -10.0000000 0.0000000 

u V p 
1 O.OOoOOüO -35.5820086 -446.8123731 
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2 C.06q3563 -35.5620086 -446.6123731 
3 0.1l8'*60i+ -35.5874b81 -446.9601766 
4 0.13?26'?1 -35.465b2'*5 -447.2300340 
5 0.11C2661 -35.3746358 -447.44528Ö7 
6 0.0643602 -35.3006626 -447.5333807 
7 0.0l8**666 -35.2664606 -447.5109917 
Ü -0.001Ö255 -35.3243276 -447.4676614 
9 O.OOilHl -3'U7lt6474 -447.4913222 

10 -0.u0ll.m2 0.0000000 -447,4968435 
11 O.OOpOOOO -10.0000000 0.0000000 
12 C.OOCOOOO -10.0000000 0.0000000 
13 0,0000000 -10.0000000 0.0000000 
If o.oocoooo -10.0000000 0.0000000 
15 o.ooonooo -10.0000000 0.0000000 
16 o.oocoooo -10.0000000 0.0000000 
17 o.ooroooo -10.0000000 0.0000000 
16 

L= 16 
K 

o.ooooooo -10.0000000 0,0000000 

u V p 
1 o.oru^ooo -35.7481564 -478.4891163 
2 0.0Ö18991 -35.7**81564+ -478.4691163 
3 0.14^0397 -35.7253037 -476.7695622 
H 0.1653096 -35.5711265 -479,2150561 
b 0.1t^005<+ -35.3990267 -479,6478678 
6 0.0ÜS3648 -35.2692086 -479,8861001 
7 0.0179313 -35.2316600 -479,8701335 
8 -0.01ib784 -35.29675'+5 -479,7309269 
9 0.00il837 -34.7283579 -479,6130364 

10 -0.0011637 0.0000000 -479,6172632 
11 o.oooncoo -10.0000000 0,0000000 
12 o.oocoooo -IO.OOOOOOO 0,0000000 
13 C.OOCOOOO -10.0000000 0,0000000 
in O.OOCOOOO -10.0000000 0,0000000 
lb O.OOCOOOO -io.ooooooo 0.0000000 
16 O.OOpOOOO -lO.OOnOOOO 0.0000000 
17 0.0000000 -10.0000000 o.ooooooo 
16 o.oocoooo -io.ooooooo 0.0000000 

L= 17 
K u V p 

1 o.oocoooo -35.9045625 -510,2625419 
2 0.0769643 -35.9045625 -510,2625419 
3 0.mc0217 -35.8624723 -510,6146117 
4 0.1716546 -35.6667407 -511,2139736 
5 0.1617890 -35.4363834 -511,6660452 
6 0.10?0792 -35.240371« -512,3191704 
7 0.0163551 -35.1584375 -512,3422621 
8 -0.02i8047 -35.2596991 -511,9657297 
9 0.0012499 -34.7515563 -511,6049205 

10 -0.0012499 0.0000000 -511,6059561 
11 O.OOciCOO -IO.OOOOOOC 0,0000000 
12 o.oocoooo -10.0000000 0,0000000 
13 o.oocoooo -io.ooooooo 0.0000000 
I«» o.oocoooo -10.0000000 o.ooooooo 
15 O.OOpOOOO -10.0000000 0.0000000 
16 o.oocoooo -10.0000000 0.0000000 
17 o.oocoooo -io.ooooooo 0.0000000 
18 O.OOpOOOO -10.0000000 0.0000000 

mam -'—-— - - -- *"-"--'-- 



"■""■■"■pp« 

■■MM 

237 
f 

L= 18 
K U V p 

1 o.nornooo -35.9950975 -542.4087797 
2 0,0^^9717 -35.9950975 -542,4087797 
3 0,06q2037 -35.9539813 -542.7357484 
4 0«ltsM9« -35.747b3b5 -543,3447440 
5 o,i'*on227 -35.4925394 -544,1168700 
6 0#103b897 -35.2327429 -544,8094983 
7 0.0lQl71b -35.0870207 -544,9520130 
Ö -0,022993b -35.2185551 -544,1555534 
9 0.0013123 -34.7780033 -543,4001316 

in -0.0C13123 0.0000000 -543,3986862 
ll O.OOcnCOO -10.0000000 0,0000000 
12 o.oocnnoo -10.0000000 0,0000000 
13 o.oocnooo -lo.oooooon 0,0000000 
14 o.oocoooo -10.0000000 0,0000000 
15 o.ooroooo -10.0000000 0.0000000 
lb 0.000P000 -10.0000000 0,0000000 
17 o.oocnooo -10.0000000 0,0000000 
18 

L= 19 
0.000f>000 -10.0000000 0,0000000 

K 
1 

u 
O.OOnnoOO 

V 
-35.9514102 

p 
-575.2259125 

2 -0.023193'* -35.9514102 -575.2259125 
3 -0.02^5388 -35.9388485 -575,4125793 
1 0.00c9593 -35.770205R -575,8002777 
5 0,0^7389 -35.b4b8553 -576.4356558 
6 0.0708051 -35.27l5bl9 -577,2743081 
7 0.0f251bl -35.0707028 -577,6639660 
8 0.0041874 -35.1854555 -576,2270172 
9 0.0013701 -34.7752225 -574,9551733 

in -0.0013701 n.0000000 -574,9524985 
11 o.oopnooo -10.0000000 0,0000000 
12 0.0000000 -10.0000000 0,0000000 
13 o.oocnooo -10.0000000 0,0000000 
If o.ooonooo -10.0000000 0,0000000 
15 o.oocnooo -10.0000000 0.0000000 
lb o.oonpooo -10.0000000 0.0000000 
17 o.oocoooo -10.0000000 0,0000000 
18 

La 90 
c.ooonooo -10.0000000 0,0000000 

K u V p 
1 o.ooonooo -35.7093308 -608,9381878 
2 -0.l2?«+383 -35.7093308 -608,9381878 
3 -0.2025080 -35.7522771 -608,9038257 
1 -0.21f,n40b -35.b748l53 -608,8500698 
5 -0.15i52'+0 -35.5608493 -600,9779590 
b -0.0281433 -35.3767302 -609,5923562 
7 0.1159470 -35.2245048 -61l>,2796797 
8 O.O898IO8 -35.1768613 -608.0556218 
9 O.OOWlti -34.6946239 -606.3213353 

in -C.00142'28 0.0000000 -606.3169469 
11 O.OrnnoOO -10.0000000 0,0000000 
12 o.ooonooo -10.0000000 0.0000000 
13 o.oocnooo -10.0000000 0,0000000 
in o.oocoooo -10.0000000 0,0000000 
15 o.oopnooo -10.0000000 0,0000000 

mmm 
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16 O.OCOOOQO -10.0000000 o.ooooooo 
17 O.OOoOOOO -10.0000000 0.0000000 IB 

L= 21 
K 

1 

O.OOOnOOO -lO.QOOOOOO 0,0000000 

U 
O.OOpOOOO 

V 
-35.2265b22 

p 
-613.6791179 2 -0.2'*2Ö349 -35.2265522 -613,6791179 3 -0.'*27'*152 -35.3163557 -613.1273721 

«+ -0.0156106 -35.3996880 -612,8332706 b -0,i*7?O987 -35.1650758 -61i:, 0731176 6 -0.23397'-»- -35,5382036 -611,7500381 
7 0.28^5:« U -35.7516021 -612,3195193 
6 0.2682112 -35.2029610 -639,5371188 
9 0.0011710 -31.117620R -637,7373715 10 -0.001*1710 0.0000000 -637,7203320 

11 C,000n000 -lO.QOOOOOO 0,0000000 12 o.oncoooo -10.0000000 0.0000000 13 o.oocoooo -10.0000000 0,0000000 14 O.OOpOOOO -10.0000000 0,0000000 lb O.OOCOOOO -IO.OOOOQOO 0,0000000 16 C,OOCnOOO -lO.QOOOOOO 0,0000000 17 O.OOpOOOO -10.0000000 0,0000000 18 
L= 22 

P.00C0C00 -10.0000000 0,0000000 

K 
1 O.OOrOCOO 

V 
-31.1952852 

p 
-679,5053636 2 -0,3671225 -31.1952852 -679.5053636 3 -0.66^5240 -31.7058758 -679,1723673 

4 -0.8572167 -31.9051176 -678,2025699 5 -0.8900878 -35.1811881 -676,1011388 6 -0.57i2988 -35.6961756 -671,1160192 7 0.60n546f -36.9279(111 -673,3530317 
Ö 0.55^5609 -35.2519568 -670,8787011 9 C.0015119 -33.9297220 -669,7760527 10 -0.0015119 0.0000000 -669,7063152 11 0,0000000 -10.0000000 0,0000000 12 0,0000000 -10.0000000 0,0000000 13 0.0000000 -10.0000000 0,0000000 m O.OOpOOOO -10.0000000 0,0000000 15 0,00p0000 -IO.OOOOOOO 0,0000000 16 0.P00O000 -10.0000000 0,0000000 17 0,0000000 -10.0000000 0,0000000 18 

L= 23 
0,00p0000 -10.0000000 0,0000000 

K 

1 
u 

0,0PpO000 
V 

-33.5126595 
p 

-716,3895969 2 -0,1776131 -33.5126595 -716,3895969 
3 -0,8767802 -33.8575911 -716,2130330 4 -1,1703163 -31.2011853 -715,3571751 
5 -1,3113833 -31.6908128 -713,0187978 
6 -0,9^76788 -35.7666381 -708,3091666 7 1,0523811 -38.9757711 -703,7328859 8 0,93c-595C -35.2910311 -703,2018183 9 0,0015558 -33.0590799 -703,5322313 10 -0.0015558 0.0000000 -703,3305813 11 O.OOnOOOO -10.0000000 0,0000000 12 o.oocoooo -io.oOooooo 0,0000000 
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13 o.oocnooo -10.0000000 0.0000000 
m o.oocoooo -10.0000000 0.0000000 
15 o.oonoooo -ic.ooooooo 0.0000000 
16 o.oocoooo -10.0000000 0.0000000 
17 o.ooonooo -IO.OOOOOOO 0.0000000 
18 o.oonoooo -10*0000000 0.0000000 

L= ZU 
K u V p 

1 o.oocoooo -32.4163906 -754.2335917 
2 -0,56^7062 -^2*4163906 -754.2335917 
3 -1.032457^ -32*8597095 -754.4009988 
4 -1.3BP7374 -33*3756447 -754.2^705'»9 
5 -1,5740538 -34*0774149 -75ü,7400632 
6 -1.27fl5430 -35*7'*7l52t> -747.2712626 
7 1.51fl5734 -41*796639° -736.6449837 
8 i,3l3tiWf> -35*3060547 -739.0522887 
9 0.00lf)950 -31*836463° -740.5057628 

in -0.001&950 0*0000000 -740.0949527 
11 o,ooonooo -13*0000000 o.ocooooo 
12 O.OOonOOO -10*0000000 0.0000000 
13 0.0000000 -10*0000000 0.0000000 
in o.oocnooo -10*0000000 0.0000000 
15 0.0000000 -10*0000000 0.0000000 
16 O.OOCOOOO -10*0000000 0.0000000 
17 o.oocoooo -10*0000000 0.0000000 
18 o.oocoooo -10*0000000 0.0000000 

L= 25 
K u V p 

1 0.0000000 -31*1632540 -792.9777135 
2 -0.6201805 -31*1632540 -792.9777135 
3 -1.1317574 -31*7718003 -793.4378986 
H -1.4612365 -32*5296983 -794.06707C3 
5 -1.53fl7375 -33*5733995 -794.5629363 
6 -1.1015646 -35*8929683 -792.8811689 
7 1.77s5537 -44*7370127 -777.4902587 
8 1.5620841 -35.3512883 -781.0705011 
9 0.0016342 -30*3822085 -781,6339438 

in -0.0016342 0*0000000 -781,0338442 
11 0.0000000 -10*0000000 0.0000000 
12 o.occnooo -10*0000000 0.0000000 
13 o.ooonooo -10*0000000 u.oooocoo 
!«♦ o.ocnnooo -10*0000000 u.ooooooo 
15 0.0000000 -10*0000000 0.0000000 
16 o.oocnooo -10*0000000 0.0000000 
17 o.oocoooo -10*0000000 0.0000000 
18 O.OOonOOO -10*0000000 0.0000000 

L= 26 
K u V p 

1 o.onpnooo -29.8191313 -832.7893470 
2 -0.6737169 -29.8191313 -832.7893470 
3 -1.1969293 -30.6274146 -833.2990263 
U -1.4699228 -31.7255236 -833.9636777 
5 -1.2ÖC0676 -33*3725071 -835.2092807 
6 -0.2122785 -36.7970038 -838.8087605 
7 1.6861749 -46*7714906 -828.4534295 
8 1.606<+524 -35.5268575 -828,3775453 
9 0.00l67i»7 -28.8866356 -825,9410341 
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10 -0,0016747 0.0000000 -825.2897491 
11 o.oocoooo -10*0000000 0.0000000 
12 0,0000000 -10.0000000 0,0000000 
13 o,ooonooo -IO.OOOOOOO 0.0000000 m 0,0000000 -10.0000000 0,0000000 
15 0,00r0000 -10*0000000 0.0000000 
16 0,0000000 -10*0000000 0*0000000 
17 0,0000000 -10*0000000 0.0000000 
16 0,0000000 -10*0000000 0.0000000 

L= 27 
K u V p 

1 0,0000000 -28.4227613 -873,9951108 
2 -0,69qö858 -28*4227613 -873,9951108 
3 -1,2361363 -29.4482660 -874,5191996 
i» -1,4795000 -30*9412826 -874.6690606 
5 -1,0983221 -33*3875921 -873,7977971 
6 l,10i|**203 -39.0025448 -874,6188958 
7 I,40p60fl6 -47,2974978 -882,0260991 
e l,50fl1670 -35*8602356 -875,7069562 
9 0,00i7l78 -27*4828948 -870.9813212 in -C,0017178 0*0000000 -870.4006378 

11 0,000^000 -10.0000000 0.0000000 
12 O,COr0000 -10.0000000 0,0000000 
13 o,oocnooo -10.0000000 0*0000000 u o,ooonooo -10.0000000 0.0000000 
IS 0,0000000 -10.0000000 0*0000000 
16 0,0Cpn000 -10.0000000 0.0000000 
17 0,0000000 -10.0000000 0.0000000 
18 

L= 28 
0,00n0noo -10.0000000 0.0000000 

K 
1 

u 
0,0000000 -27.0307b04 

p 
-916*5451978 

2 -0,6977563 -27.0307504 -916.5451978 
3 -I,2204068 -28.2887425 -917,4204548 
'» -1,4378544 -30.1945001 -917,8811987 
9 -1,0275985 -33.4478721 -915,5198936 
6 1,9169836 -42.0481306 -909,5184211 
7 1,2468875 -46.9171774 -925,3187631 
8 1,3992354 -36*2182587 -920.1577757 
9 0,0^17646 -26*1809323 -915,4815753 

10 -0,0017646 0*0000000 -914,9829601 
11 0,00p0000 -10.0000000 0,0000000 
12 0,0000000 -10.0000000 0.0000000 
13 0,0000000 -10.0000000 0.0000000 
If 0,0000000 -10.0000000 0.0000000 
15 O.OOpOOOO -10.0000000 0.ooooooo 
16 0,0000000 -10.0000000 0.0000000 
17 0,0000000 -10.0000000 0.0000000 
18 

L= 29 
0,0000000 -10.0000000 0.0000000 

K 
1 

u 
0,000^000 -25.0971717 

p 
-959.7103451 

2 -0,66Rb963 '2K   -5971717 -959.7103451 
3 -1,1325859 -2"/. 2269551 -961,1601089 
«i -1,2441632 -29.6099652 -963,0578239 
5 -0.7824071 -33.6224221 -963.0086650 
6 1.7579073 -44.6990877   -953,7183051 
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7 1.2351853 -46.6687743 -964.5730336 
6 1.3334380 -36.5162920 -964,2826398 
9 0.0018163 -24.9405013 -959,7451691 

in -0,0018163 0.0000000 -959.2961301 
11 o.nocnooo -10.0000000 0,0000000 
12 o.oocoooo -IO.OOOOOOO 0,0000000 
13 o.oocnooo -10.0000000 0,0000000 
11 0.0000000 -10.0000000 0.0000000 
15 o.oopoooo -10.0000000 0,0000000 
16 0.0000000 -10.0000000 0,0000000 
17 o,oocnooo -10.0000000 0,0000000 
18 

L= 30 
o.ooc^ooo -io.ooooooo 0,0000000 

K u V p 
1 0.0000000 -24.4336925 -1002,6408315 
2 -0.6336090 -24.4336925 -100*>.o408315 
3 -1.01«9235 -26.2934852 -1004.3390517 
4 -0.94n0336 -29.2899411 -1007.2085403 
5 -0.211I00M9 -34.1928314 -1010.7652706 
6 0.99«9842 -46.0016292 -1006,8379019 
7 1.1474224 -47.0146373 -1006,8550755 
Ö 1.31C8338 -36.8710700 -1009,3036715 
9 0.0018741 -23.7213038 -1003,9001287 

10 -0.0018741 0.0000000 -1003,4738344 
11 o.oopoooo -10.0000000 0,0000000 
12 o.occoooo -10.0000000 0,0000000 
13 0.0000000 -io.ooooooo 0,0000000 
in 0.0000000 -io.ooooooo 0,0000000 
15 o.oocnooo -io.ooooooo 0,0000000 
16 0.000^000 -10.0000000 0,0000000 
17 0.0000000 -io.ooooooo 0,0000000 
16 

L= 31 
K 

0.0000000 -10.0000000 0,0000000 

u V p 
1 O.OOpOOOO -23.2039552 -1045,2207227 
2 -0.61^8104 -23.2039552 -1045,2207227 
3 -0.9522980 -25.4377551 -1046,7000727 
*♦ -0.7476373 -29.1571893 -1049,0059902 
5 0.3953287 -35.2879468 -1051,8103514 
6 0.2838942 -45.9680870 -1059,2034322 
7 0,87?4453 -47.7106962 -1052,3784489 
8 1.3trt7501 -37.5205923 -1054,6502147 
9 0.0019397 -22.4668719 -1048,0564975 

10 -0.0019397 0.0000000 -1047,6196699 
11 o.oopoooo -10.0000000 0,0000000 
12 0.0000000 -io.ooooooo 0,0000000 
13 O.OOpOOOO -10.0000000 0,0000000 
14 0.0000000 -10.0000000 0,0000000 
15 0.0000000 -10.0000000 j.0000000 
16* o.npppooo -10.0000000 0,0000000 
17 o.oopoooo -10.0000000 0,0000000 
16 o.oopoooo -10.0000000 0,0000000 

L= 32 
K u V p 

1 O.OOpOOOO -21.9601812 -1087,9624498 
2 -0.6239120 -21.9601812 -1087.9624498 
3 -0.9473307 -24.5935045 -1069,2295421 
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1 -0.6929B61 -29.0861577 -1090.9900398 
b 0,5^56726 -36.5081489 -1092.0204518 
6 -0.061*9632 -45.4133928 -1102.9154391 
7 0.46n'*113 -48.2745085 -1100.3299852 
Ö 1.47sl910 -38.6867214 -1100.0723534 
9 0,00?ni<i7 -21.0946059 -1093,4634928 

in -O.OOonm? 0.0000000 -1092.9610164 
U o.oornooo -10.0000000 0.0000000 
12 O.OCpncoO -10.0000000 0.0000000 
13 O.oocnooo -lO.oOOOOOO 0.0000000 
1* c.oocoooo -10.0000000 0.0000000 
15 0.0000000 -10.0000000 0.0000000 
16 o.oopoooo -10*0000000 0.0000000 
17 C.OOcnooO -10.0000000 0.0000000 
18 

L= 33 
0.0000000 -10.0000000 0.0000000 

K 
1 

u 
O.OOnnooo 

V 
-20.6628442 

p 
-1131.3066774 

2 -0.6507896 -20.o628442 -1131,3066774 
3 -0.90^5006 -23.7150868 -1132,5740491 
4 -0.7300576 -29.0021066 -1134,4149292 
5 0.17«'+079 -37.3405188 -1137,1066750 
6 -0.2307453 -45.0010747 -1144,8925131 
7 0.07n4051 -48.5636894 -1150,1829468 
B 1.67pn768 -40.4250029 -1147,0397238 
9 0.0021016 -19.5387861 -1143,3270623 

in -0.00?1016 0.0000000 -1142.7005057 
11 o.onnnooo -10.0000000 0,0000000 
12 o.oocnooo -10.0000000 0,0000000 
13 O.OOpnopo -10.0000000 0,0000000 
!»♦ c.ooonooo -10.0000000 0,0000000 
15 o.ooonooo -10.0000000 0,0000000 
16 o.oopoooo -10.0000000 0,0000000 
17 0.0000000 -10.0000000 0,0000000 
18 

L= 34 
o.oopoooo -10.0000000 0.0000000 

K 
1 

u 
o.oononno 

V 
-19.281623° 

p 
-1175.4457515 

2 -0.6928425 -19.2816239 -1175.4457515 
3 -l.05q9559 -22.7669269 -1176,9867365 
«♦ -0.85q5240 -28.8216107 -1179,4761990 
5 -0.4116542 -37.6096487 -1183,7304246 
6 -0.4938803 -44.a2l0262 -1191,9400890 
7 -O.IO77552 -48.8978658 -1201,2344461 
Ö 1.8136792 -42.4803708 -1199,4885050 
9 0.0022030 -17.8510444 -1201.5936386 

in -0.0022030 0.0000000 -1200.0759428 
11 0.0000000 -10.0000000 0,0000000 
12 O.oocnooo -10.0000000 0,0000000 
13 o.oooocoo -10.0000000 0,0000000 
1H O.OOpOOOO -10.0000000 0,0000000 
15 C.OOcnooO -10.0000000 0,0000000 
16 o.oocnooo -10.0000000 0.0000000 
17 o.oocnooo -10.0000000 0,0000000 
16 O.OOonooO -10.0000000 0,0000000 

L= 35 
K u \J p 
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1 O.nonoooo -17.7929228 -1220.2209812 
2 -0,7^67107 -17.7929228 -1220,2209812 
3 -I.lbl9f7b -21.7188788 -1222,3103181 
«♦ -l,08ob5bl -28.1575228 -1228.2305868 
5 -1.0359859 -37.35l9b59 -1233,3510399 
6 -0.8707759 -11.7773270 -1212.9710806 
7 -0.02q5833 -19.bb0ll20 -1253.7553955 
8 1.7072297 -11.3190993 -1280.5380502 
9 0.00?321«* -lb.2b293bb -12b8.0795279 

10 -0.0023211 O.OOOOOOO -1287.1910810 a O.OOpOOOO -10.0000000 0.0000000 
12 0.0000000 -10.0000000 O.OCOOOOO 
13 0.0000000 -10.0000000 0.0000000 
1«» o.ooroooo -10.0000000 0.0000000 
15 0,0900000 -10.0000000 0,0000000 
lb O.OCoOOOO -10.0000000 0.0000000 
17 o.ooouooo -10.0000000 O.OCOOOOO 
18 

L= 3b 
0.0000000 -10.0000000 0.0000000 

K 0 V p 
1 O.OOoOOOO -lb.1709398 -1265.1111109 
2 -0.3l3**97b -lb.1709398 -1265.1111109 
3 -1.29ab379 -20.5333099 -1268.0530970 
t -I.3913201 -27.8301889 -1273,8185191 
5 -1.5Ü7474b -3b.73b1835 -1281,2539717 
6 -1.2172970 -11,8390037 -1296,8277980 
7 0.11i|2202 -50.8911385 -1309,7818059 
8 1.321^40 -15.bb98251 -1325,8278791 
9 0.00?'+59b -15.0352031 -1335,6289317 

in -0.002159b O.OOOOOOO -1335,3836565 
U 0.0000000 -10.0000000 u,0000C00 
12 0.0000000 -10.0000000 0,0000000 
13 o.coooooo -10.0000000 0,0000000 
i« O.OOoOOOO -10.0000000 0,0000000 
15 O.OOOOOOO -10.0000000 0,0000000 
lb 0,0000000 -10.0000000 0,0000000 
17 0.0000000 -10.0000000 0,0000000 
18 

L= 37 
0.0000000 -10.0000000 0,0000000 

K 
I 

u 
O.OOoOOOO 

V 
-11.3828198 

p 
-1309,6050781 

2 -0.896Ö298 -11.382bl9b -1309,6050761 
3 -1.181135b -19.1598085 -1313,1321011 
«♦ -1.77^5331 -2b.8818519 -1321,1357619 
5 -2.0173981 -35.9587729 -1335,0755398 
b -1.1311029 -15.0151175 -1351,8081821 
7 0.15ill75 -52.3638b51 -1368,1610513 
8 0,9112755 -18.^119581 -1389,1221981 
9 0,0028190 -11.l90b8b7 -1398,6589061 

10 -0,002bl90 0.0000000 -1398,6970719 
11 0,0000000 -10.0000000 0,0000000 
12 COOnOOOO -10.0000000 0,0000000 
13 0,00on000 -10.0000000 0,0000000 
H» 0,0000000 -10.0000000 0,0000000 
15 0,0000000 -10.0000000 0,0000000 
lb 0,0000000 -10.0000000 0,0000000 
17 0,0000000 -lo.ooooooc 0,0000000 

^^^ 

I 
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16 o.nocoooo -10.0000000 0.0000000 
L= 38 
K u V p 

1 o.oopoooo -12.3849?.73 -1353,1096515 
2 -1.0016974 -12,384c273 -1353,1096515 
3 -1.7180967 -17,b40?3l^ -1357.8537155 
4 -2.2012109 -25,6214842 -1368.0795070 
5 -2.34^0472 -35,1702794 -1384,9536565 
6 -1.5254509 -45.4373851 -140o.3140240 
7 0.0776529 -53.8390972 -1428.1783861 
8 0.7445161 -47.2483639 -1451,1453596 
9 0.0028005 -I3.5O22350 -1461,9771254 

10 -0.0028005 0,0000000 -1462,1205118 
11 O.OnpOOOO -10.0000000 0,0000000 
12 0.00on000 -iO.OOoOOOO 0.0000000 
13 0.0000000 -10,0000000 0,0000000 
14 0.0000000 -10,0000000 0,0000000 
15 o.oocoooo -10.0000000 0,0000000 
16 o.occoooo -10.0000000 0,0000000 
17 c.ooooooo -10,0000000 0,0000000 
18 

Ls 39 
O.OOoOOOO -10.0000000 0,0000000 

K 
1 

u 
o.oor0ooo 

V 
-10.1221569 

p 
-1395,6821014 

2 -1.1344352 -10.1221569 -1395,6821014 
3 -2.01i5207 -l5.bl960.J2 -1401,1555214 
4 -2.6264815 -24.0829956 -1413,2172105 
5 -2.6235399 -34.4271455 -1433,2521011 
6 -l.60p3830 -45.9928367 -1459,3802069 
7 -0.1038604 -55.1862888 -1488,7393874 
8 0.6535582 -48.0518036 -1515,7446687 
9 0,0030033 -12.8991486 -1531,7628954 

10 -O.OO3OO33 o.ooooooc -1531,9501658 
U o.oocoooo -10.0000000 0,0000000 
12 o.oornooo -10.0000000 COOOJOOO 
13 o.oor^ooo -10.0000000 0,0000000 
14 o.oocoooo -10.0000000 0,0000000 
15 n,OOOOOOO -10.0000000 0,0000000 
16 o.occoooo -10.0000000 0,0000000 
17 o.oocoooo -10.0000000 0,0000000 
18 0.0000000 -10.0000000 0,0000000 

LS 40 
K u V p 

1 O.OOpOOOO -7.5282578 -1438,3790132 
2 -1.30C2142 -7.5282578 -1438.3790132 
3 -2.36C5570 -13.3'*37280 -1444,2135815 
4 -3,06^4949 -22.2984098 -1457,3631298 
5 -2.94P5016 -33.6974893 -1480,0064501 
6 -1.8254875 -46.5824150 -1510.9451164 
7 -0.5033405 -56.3007817 -1549,8224322 
8 0.16q6290 -48.7031136 -1583,7805208 
9 0.0032254 -12.7482397 -1597,7448274 

10 -0.00^2254 0.0000000 -1598,0379891 
11 o.oo"cnono -10.0000000 0,0000000 
12 0,0000000 -10.0000000 0,0000000 
13 o.oocoooo -10.0000000 0,0000000 
14 o.oocoooo -10.0000000 0,0000000 

244 



15 o.oocoooo -io.ooooooo 0.0000000 
16 0.0000000 -10.0000000 0.0000000 
17 o.oocoooo -10.0000000 0,0000000 
18 

L= Hl 
K 

O.OnoOOOO -io.ooooooo o.ooooooo 

u V p 
1 O.OOoOCOO -4.5380912 -1483,7713216 
2 -l.'*9«b760 -4.5380912 -1483,7713216 
3 -2,7617680 -10.6654746 -1489,5055306 
4 -3,5599902 -20.2405058 -1502,7575969 
5 -3.1*003539 -32.8672964 -1526.9875575 
6 -2,35f,2798 -46.9912753 -1562,0033678 
7 -1.2002769 -57.1378112 -1607,9730403 
8 -0,6333273 -49.1333187 -1644,3161157 
9 0,00346'*l -13.3473020 -1645,1571372 

in -0,003t*6'+l 0.0000000 -1645,3744148 
11 C.OCCn00O -n.0000000 0.0000000 
12 0,0000000 -io.ooooooo 0,0000000 
13 0.000^000 -io.ooooooo 0,0000000 
1* o.ooooooo -io.ooooooo 0,0000000 
15 o.oopoooo -io.ooooooo 0.0000000 
lb o.nornooo -io.ooooooo 0,0000000 
17 0.0000000 -10.0000000 0,0000000 
18 0,0000000 -io.ooooooo 0,0000000 

L= ^2 
K u V p 

1 0,0000000 -1.1112795 -1536,1473945 
2 -1.7171370 -1.1112795 -1536,1473945 
3 -3,2068017 -7.5398953 -1541,4337118 
4 -'♦,1614103 -17.8172465 -1553,8428028 
5 -4,0779796 -31.7784905 -1578,2781739 
6 -3,20^2786 -47.0561128 -1614,7478905 
7 -2,0669913 -57.8041837 -1659,7823475 
6 -l,02c}6894 -49.9370191 -1686,4323292 
9 0,0037159 -14Ä3168746 -1688,5407504 

10 -0,0037159 o.ooooooo -1688,5842618 
1J 0,0000000 -10.0000000 0,0000000 
12 0,0npO000 -10.0000000 0,0000000 
13 0,0000000 -10.0000000 0,0000000 
1»* 0,0000000 -io.ooooooo 0,0000000 
15 0,0000000 -10.0000000 0,0000000 
16 0,000^000 -io.ooooooo 0.0000000 
17 O.OnoOOOO -10.0000000 0,0000000 
15 0,0000000 -10.0000000 0,0000000 

L= 43 
K u V p 

1 0,000^000 2.7090766 -1600.a2232/0 
2 -1,91^1533 2.7090766 -1600,82232/0 
3 -3,^7?7005 -3.9248161 -1606,1013241 
4 -^,8082360 -14.8948472 -1617,6608068 
5 -«♦,9512300 -30.3150017 -1640,1314784 
6 -4,1077640 -46.8091767 -1673,I4f1187 
7 -2,7792889 -58.5842617 -1710,3041012 
8 -1,3067802 -51.1001326 -1729,7872019 
9 0,00^9775 -15.5456552 -1731,1181922 

10 -0,0039775 0.0000000 -173u,9879561 
U 0,0000000 -10.0000000 0,0000000 
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12 o.nocnooo -10.0000000 0.0000000 
13 O.PPpnoOO -10.0000000 0.0000000 
14 0.0000000 -10.0000000 0.0000000 
15 0.0000000 -10.0000000 0.0000000 
16 o.occ0ooo -10.0000000 0,0000000 
17 o.ooonooo -10.0000000 0.0000000 
IB 

L= 44 
o.oor"0oo -10.0000000 0.0000000 

K 
1 

u 
o.oOrnooo 

V 
6.4780799 

p 
-1679,5670290 

2 -1.88^7191 6.4780799 -1679,5670290 
3 -4.13i9b91 0.3192238 -1690,4580642 
4 -5.68^1335 -11.3851216 -1704,3888245 
5 -5.8893688 -28.4698833 -1720.3617704 
6 -5.ü8ql345 -46.3887230 -1743,6368067 
7 -3.35C9181 -59.5604934 -1768,6794933 
b -1.58r,7876 -52.4907507 -1777,0159294 
9 0.00^2447 -17.0354402 -1772,6088923 

in -0.0042447 0.0000000 -1772,2585660 
11 O.OppOOOO -10.0000000 0,0000000 
12 0,0000000 -10.0000000 0,0000000 
13 0.000^000 -10.0000000 0.0000000 
14 o.oopoooo -10.0000000 0.0000000 
15 o.ooconoo -10.0000000 0,0000000 
16 o.oonoooo -IO.OOOOOOP 0,0000000 
17 O.PPoOOOO -10.0000000 0,0000000 
18 

L= 45 
O.OQpnooO -10.0000000 0,0000000 

K 
1 

u 
O.OOpOQOO 14.6186573 

p 
-1804,0536579 

2 -4,07t|7339 14.bl86573 -1804,0536579 
3 -4.7249329 3.8962002 -1802,3449604 
4 -6.30tsb460 -7.6042862 -1827,0998870 
5 -6.Ö5J+8575 -26.2749790 -1825,3202040 
b -5.79?ini5 -45.8741847 -1831,8166819 
7 -3.74i4213 -60.7501090 -1840,5311045 
8 -1.6915402 -54.1282587 -1828,9568324 
9 O.OOiibllO -18.6245121 -1813,5686454 

10 -0.0045110 0.0000000 -1813,0897035 
11 O.OOpO^OÜ -10.0000000 0,0000000 
12 o.nocoooo -10.0000000 0,0000000 
13 o.nccoooo -10.0000000 0,0000000 
14 o.oocoooo -10.0000000 0,0000000 
15 o,oor0ooo -10.0000000 0,0000000 
16 n.oo(<oooo -10.0000000 0,0000000 
17 C.PTOOOOO -10.0000000 0,0000000 
18 

L= 46 
0.000^000 -lo.oonocoo 0,0000000 

K 
1 

u 
o.oopoooo 

V 
14.9199745 

p 
-1925,3411752 

2 -0.15^2941 14.9199745 -1925,3411752 
3 -8.51^6396 15.1374444 -1996,7666876 
4 -5.9754948 -7.2^0924^ -1997,8735831 
o -6.994OPI3 -23.4098312 -1951,2503271 
b -6.1945283 -45.2143043 -1937,7044451 
7 -3.78^6869 -62.2576088 -1932.6258127 
8 -1.4567509 -56.0597859 -1898,1218387 
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9 0.0059688 -19.9962653 -1852.5101852 
10 -0,0036950 0.0000000 -1852.8769959 
11 0.00POOOO -10.0000000 0.0000000 
12 O.OOrnnoo -10.0000000 0.0000000 
13 0.0000000 -IO.OOOOOOO 0.0000000 
14» c,oocftooo -10.0000000 0.0000000 
).5 o,oocnooo -10.0000000 0.0000000 
16 0,0000000 -10.0000000 0.0000000 
17 o.oonoooo -10.0000000 0.0000000 
18 O.OOonOOO -10.0000000 0.0000000 

L= f7 
K u V p 

1 O.OOoOOOO 2.4666596 -18Ö6.0537296 
2 6.2219077 2.4666596 -1886.3537296 
3 10.82^1753 4.8435224 -2029.6445165 
4 -3.1583171 5.1933441 -2l0i#90l0854 
5 -6.62t)276'+ -18.5505470 -2076.,U89ö35 
6 -6.2950439 -44.1162154 -2052.2238363 
7 -3,4207452 -64.2549530 -2057,8970250 
8 -0.42^9512 -58.7659344 -2026,3216694 
9 -C.05(|4809 -20.3420555 -1783.1510354 

in 0.00(^000 -10.0000000 o.ooocooo 
n o.ooonooo -10.0000000 0.0000000 
12 O.OOonOOO -10.0000000 0.0000000 
13 c.oocnooo -10.0000000 Ü.0C00000 
in 0.00nn000 -icooooooo 0.0000000 
15 o.ooc^ooo -10.0000000 0.0000000 
16 O.OOpiOOO -10.0000000 0.0000000 
17 0.0000000 -icooooooo 0.0000000 
18 o.oocoooo -io.ooooooo 0.0000000 

L= 48 
K u V p 

1 o.oocnooo -0.0890116 -1815,1779708 
2 1.57?6660 -O.o890ll6 -1815.1779708 
3 4.37Q4715 0.0422457 -1962.4202375 
4 0.76^7725 7.7713452 -21b0.5690464 
5 -5.4736280 -11.6470918 -2196.4564596 
6 -6.4636752 -41.8065302 -2157.4890849 
7 -3.0613174 -66.7980894 -2230.1036168 
8 3.05^3267 -64.8898542 -2337.9675348 
9 -0.17?O533 -17.3166517 -2493,0419636 

in 0.0000000 -10.0000000 0.0000000 
11 o.nopnooo -io.ooooooo 0.0000000 
12 0.0000000 -io.ooooooo 0.0000000 
13 0.000n000 -13.0000000 0.0000000 
in c.nocnooo -10.0000000 0.0000000 
15 o.oocoooo -IO.COOOOOO 0.0000000 
16 o.oocnooo -io.ooooooo o.oooocco 
17 O.OOpOOOO -10.0000000 0.0000000 
18 O.OOpOOOO -io.ooooooo 0.0000000 

L= 49 
K u V p 

1 o.oopnooo -10.0000000 o.oooooco 
2 O.OOpOOOO -10.0000000 0.0000000 
3 -7.92c,5501 -10.0000000 0.0000000 
4 7.75?b6,25 -7.885966B -2202.6059826 
5 -3.10q41Q3 -1.4554800 -2233,2870078 
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6 -7.6249190 -36.1053802 -2229,b'*27984 
7 -'♦.Ö3R9894 -68.6761588 -2420.2963759 
ö 0,53iU005 -69.7513148 -2746.6394801 
9 -0,1014509 -16.7239975 -3003,3855189 

10 O.OOnOOOO -10.0000000 0.0000000 
11 0.00Cn000 -IO.OOOOOOO 0.OOOOOOO 
12 Coor^oou -io.ooooooo 0.0000000 
13 0.0000000 -10.0000000 0.0000000 
in O.OOcOOOO -10.0000000 0.0000000 
15 O.OOpOOOO -10.0000000 0.0000000 
16 o.nnooooo -10.0000000 0.0000000 
17 o.ooroooo -10.0000000 0.0000000 
18 

L= 50 
K 

o.oopnooo -10.0000000 0.0000000 

u V p 
1 o.oocoooo -10.0000000 0.0000000 
2 c.oocnooo -10.0000000 0.0000000 
3 C.OOcOPOO -10.0000000 o.ooooooo 
« 0.8679453 -10.0000000 0.0000000 
5 -1.37Rb837 0.8527263 -2340.5131374 
b -lC.o9q7289 -25.4^95509 -2329,2128046 
7 -9.15ql3?3 -68.41874P4 -2536.0'+52494 
6 -3.7352296 -74.1907001 -3034.1101859 
9 0.6393637 -20.9045600 -3282.7533085 

10 o.oocoooo -10.0000000 0.0000000 
11 o.oocoooo -10.0000000 0.0000000 
12 o.oocoooo -10.0000000 0.0000000 
13 0.0000000 -10.0000000 0.0000000 
m o.oocnooo -10.0000000 0.0000000 
15 c.ooooooo -10.0000000 0.0000000 
16 o.oocoooo -io.ooooooo 0.0000000 
17 p.occoooo -10.0000000 0.0000000 
18 

L= 51 
K 

o.oocoooo -10.0000000 0.0000000 

u V p 
1 0.0000000 -10.0000000 0.0000000 
2 O.OCcOOOO -10.0000000 0.0000000 
3 O.OCpOCIO -10.0000000 0.0000000 
f o.oocoooo -10.0000000 0.0000000 
5 3.89^2115 -10.0000000 0,0000000 
6 -14.0690284 -6.3685837 -2658,6879839 
7 -15.92?0656 -63.8478756 -2505,6760062 
b -7.71R3429 -80.5835098 -3166,4'*818C8 
9 0.2538849 -28.3921167 -5356.4116408 

10 o.oocnooo -io.ooooooo ü.ooooooo 
11 0.0000000 -10.0000000 0.0000000 
12 o.oocoooo -io.ooooooo 0.0000000 
13 c.oocoooo -10.0000000 o.ooooooo 
14 0.0000000 -io.ooooooo 0.0000000 
15 O.OOpOOOO -10.0000000 0.0000000 
16 0.00cn000 -ic.ooooooo 0.0000000 
17 O.OOPOOOO -10.0000000 0.0000000 
18 O.OOcnoOO -10.0000000 0.0000000 

La 52 
K u V p 

1 O.OCpnOOO -io.ooooooo 0.0000000 
2 o.oocoooo -10.0000000 o.ooooooo 
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3 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

L= 53 
K 

1 
2 
3 

b 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

L= 51 
K 

1 
2 
3 

5 
6 
7 
B 
9 

10 
11 
12 
13 
m 
15 
16 
17 
18 

L= 55 

O.OOcOOOO 
O.OOC^OOO 
11.0363042 
-8,7338346 
•24.8936653 
-34.48^3281 
-4.6010386 
0.0000000 
o.occ^ooo 
O.OOpOOOO 
O.OOCOOOO 
O.OOpOOOO 
O.OOoOOOO 
o.oocnooo 
o.ooooooo 
C.000o000 

u 
C.0("0000 
p.ooroooo 
O.OnpnooO 
O.OOpOOOO 

-1.84^8273 
0.6648684 

-9.8963916 
-9.07^2799 
-6.96h0420 
10.89js5994 
O.OOoOOOO 
0.0000000 
0.0000000 
O.OOCOOOO 
O.OOCOOOO 
c.ocooooo 
O.OOpOOOO 
O.OOCOOOO 

u 
o.occnooo 
O.OOpOOOO 
O.OOpOOOO 
OeOOpOOOO 

-6.21u5l30 
3.55p3850 
10.7053762 
3.7512957 

-3.97P8870 
2.66A9086 
0.00pn000 
O.OOOOOOO 
O.OOpOOOO 
O.OOpOOOO 
O.OOpOOOO 
O.OOOOOOO 
O.OOCOOOO 
O.OOpOf.OO 

-IO.OOQOOOO 

-10*0000000 
-10.0000000 
13.1279802 

-44.6384065 
-66.4308406 
-55.6848310 
17.2093526 

-lOtOOOOOOO 
-10.0000000 
-10.0000000 
-icooooooo 
-10.0000000 
-10.0000000 
-10.0000000 
-10.0000000 

-10.0000000 
-10.0000000 
-10.0000000 
-icooooooo 
-IO.QOOOOOO 
10.7269044 

-33.2441505 
-65.801376B 
-56.7313954 
-0.8981968 
-10.0000000 
-10.0000000 
-10.0000000 
-IO.OOOOOOO 
-10.0000000 
-io.ooooooo 
-io.ooooooo 
-10.0000000 

-10.0000000 
-10.0000000 
-io.ooooooo 
-io.ooooooo 
-io.ooooooo 

1.2398723 
-41.7020530 
-59.9670313 
-49.0022462 
-7.4749160 
-10.0000000 
-io.ooooooo 
-io.ooooooo 
-10.0000000 
-10.0000000 
-10.0000000 
-10.0000000 
-io.ooooooo 

0.0000000 
0.0000000 
0.0000000 

•2241,8237899 
•2241.7419267 
•1671,3421096 
1349,2407699 

0,0000000 
0,0000000 
0,0000000 
0,0000000 
0,0000000 
0,0000000 
0,0000000 
0,0000000 
0,0000000 

0,0000000 
0,0000000 
0,0000000 
0,0000000 
0,0000000 

•1939,8427431 
•1934,1238823 
-880.2858298 
-41,0856515 
35,3639945 
0,0000000 
0,0000000 
0,0000000 
0,0000000 
0,0000000 
0,0000000 
0,OOOüOCO 

0,0000000 

0,0000000 
0.0000000 
O.OOOOOOO 
O.OOOOOOO 
0.0000000 

-1987,8413763 
-1805,8980119 
-675,4626115 
454,0255521 
659,0322559 

0,0000000 
0,0000000 
0,0000000 
0,0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
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1 O.OOpOOOO -10.0000000 0.0000000 
2 o,oocnooo -10.0000000 0.0000000 
3 o.oncnooo -10.0000000 o.ocooooo 
«+ 0.0000000 -10.0000000 0.0000000 
b -5.7H09237 91.2245519 0,0000000 
6 !*♦.2916791 -19,760835^ -5826.4608730 
7 31.5379404 -63.1230831 -2226.7240894 
8 22,9458012 -55,5735648 -11.3308048 
9 2.29J8534 -30,0384360 924,9372785 

10 -1.12Q8065 -4,1346366 1077.7477969 
11 O.OOpOOOO -10.0000000 U.0000000 
12 O.OPpPOOO -10.0000000 0.0000000 
13 o.ooonnoo -10.0000000 0.0000000 
-U O.OOpOOOO -10.0000000 0.0000000 
15 o.nocnooo -lo.oonoooo o.oooooco 
16 O.OOpOOOO -IO.OOOOOOO 0.0000000 
17 O.OOPOOOO -10.0000000 0.0000000 
16 

L= 56 
K 

COOpOPOO -io.ooooooo 0.0000000 

u V p 
1 O.OOpOOOO -10.0000000 0,0000000 
2 p.ooonnoo -io.ooooooo 0.0000000 
3 o.onoonoo -10.0000000 0.0000000 
4 -91.74^,2833 66.7213745 0.0000000 
5 57.7631138 -53.4464046 1611.7630203 
6 87.6653433 -65.8341736 581,6073869 
7 67.35ql949 -56.9175430 -521,4857389 
8 37.6721635 -33.973408" 239,1475593 
9 2.2583450 2.7057737 756.0634360 

in -1.7911037 -0.1252170 1135.0159210 
11 O.OPpOpOO -10.0000000 0.0000000 
12 O.OOPOOOO -io.ooooooo 0.0000000 
13 c.oopoooo -10.0000000 o.ocopooo 
14 O.OOpOOOO -io.ooooooo u,jOOOOOO 
15 O.OOpOOOO -10.0000000 0,0000000 
lo O.OOpOOOO -io.ooooooo 0.0000000 
17 O.OOpOOOO -io.ooooooo 0.0000000 
18 

L= 57 
K 

O.OOPOOOO -10.0000000 0.0000000 

u V p 
.1 O.OOpOOOO 3.1215359 0.0000000 
2 0,0000000 3.1215359 0.0000000 
3 -66.2976310 -0.2734088 0.0000000 
•1 67.HIi9279 -67.7059501 4521.3531752 
5 62.1^46686 -89.2536588 1773.7367053 
6 71.61bl6l6 -72.3617412 76.5063718 
7 47.4819653 -43.6177567 -680,0063182 
8 -2.2319803 12.2523122 -276.3591897 
9 -0.79pO204 1.4577353 314.1016443 

in 0.2892652 -1.18B2713 330.8744174 
11 O.OOpOOOO -io.ooooooo 0.0000000 
12 O.OOpOOOO -10.0000000 0.0000000 
13 O.OOpOOOO -10.0000000 0.0000000 
m O.OOpOPOO -io.ooooooo 0.0000000 
15 O.OOpOOOO -10.0000000 0.0000000 
16 O.OOpOOOO -io.ooooooo 0.0000000 

mmm IMMMMMMMBMUMa. 



nv. i in mi IM ki "—n* 

251 
17 0,0000000 -IO.OOOOOOP 0.0000000 
18 

L= 58 
K 

o.oocnooo -10.0000000 0.0000000 

u V p 
1 o.oocnooo -11.1752063 12336.2062993 
2 7.m25916 -11.1752063 12336.2062993 
3 26.86C6447 -31.3382827 12053.7736016 
•» 58.02a3528 -115.8561748 208o.8569289 
5 61.62nl807 -109.9570305 490.4133496 
6 30.1078307 -59.9298611 -918.8340534 
7 -12.0279596 4.1399569 -1359.9164905 
8 -0.8863377 2.0927758 -1467.5873753 
9 l,mp4599 -0.8844587 365.1631777 

in o.oocoooo -10.0000000 O.OOOOOOO 
11 0.0000000 -10.0000000 0.0000000 
12 c.non^ooo -10.0000000 0.0000000 
13 c.oopnooo -10.0000000 O.OOOOOOO 
m o.oocoooo -10.0000000 0.0000000 
15 o.oocoooo -10.0000000 0.0000000 
16 O.OOoOOOO -10.0O00000 0.0000000 
17 o.oocoooo -10.0000000 0.0000000 
18 

L= 59 
K 

o.oocoooo -13.0000000 0.0000000 

u V p 
1 O.OOpOOOO -67.6995300 10762.880419' 
2 28.2579828 -67.b995300 10762.8804194 
3 66^000869 -101.0398702 8295.9867318 
«f 50.3437944 -123.1539608 2537.5178878 
5 3O.52f,3070 -110.8407839 -1033.8737492 
6 -10,m48'*36 -14.1181769 -1987.2607340 
7 3.9388387 -9.6310310 -1753.9994654 
8 0.0000000 -10.0000000 0.0000000 
9 0.00cn000 -10.0000000 0.0000000 
m o.oocnooo -10.0000000 O.OOOOOOO 
11 o.oocoooo -10.0000000 0.0000000 
12 o.oocoooo -10.0000000 0.0000000 
13 o.oocoooo -10.0000000 0.0000000 
u o.oocnooo -10.0000000 0.0000000 
15 O.OOoOOOO -10.0000000 0.0000000 
16 o.oocnooo -10.0000000 0.0000000 
17 o.oocoooo -10.0000000 0.0000000 
18 

LS 60 
o.oocoooo -10.0000000 0.0000000 

K 
1 

u 
o.oocnnoo -103.7774128 

p 
7875.0812311 

2 18.03^7771 -103.7774128 7875.3812311 
3 17.90i78tO -112.8894924 5633.4267606 
t* m.9814841 -126.8144441 2524.0254824 
5 I3.42i8359 -113.3^28006 -1689.3799279 
6 -28,30fl7343 29.2625580 -3215.0677268 
7 o.oocoooo -10.0000000 0.0000000 
8 0.0000000 -10.0000000 0.0000000 
9 o.oocnooo -10.0000000 0.0000000 

in O.OOPOOOO -10.0000000 0.0000000 
11 o.oocoooo -10.0000000 0.0000000 
12 O.OOoOOOO -10.0000000 0.0000000 
13 o.oocnooo -10.0000000 0.0000000 
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m 0,0000000 -10*0000000 0.0000000 
15 o.oopoooo -10.0000000 0.0000000 
16 o.oonoooo -10.0000000 0.0000000 
17 0.0000000 -10.0000000 0.0000000 
IB 

L= 61 
o.oonoooo -10.0000000 0*0000000 

K 
1 

u 
0,0000000 

V 
-100.9282577 

p 
6299,4255920 

2 -1.42^9879 -100.9282577 6299,4255920 
3 -6.9572740 -104.5676307 5401,5514304 
f -18,39^447 -110.3089037 3313,5332961 
5 -24.49a2339 -101.1141646 -268,0738796 
6 23.5034473 -I8,b34l695 -3317,7078937 
7 O.OOpOOOO 4.4151714 0,0000300 
8 o.oococoo -10.000000^ 0,0000000 
9 o.onpnooo -10.0000000 0,0000000 
m o.oco^ooo -10.0000000 0,0000000 
u o.oopnooo -10.0000000 0,0000000 
12 0.0000000 -10.0000000 0,0000000 
13 0.000o000 -10.0000000 0,0000000 
14 0.0000000 -10.0000000 0,0000000 
15 o.ooo^ooo -10.0000000 0,0000000 
16 O.OOcnOOO -10.0000000 0,0000000 
17 o.oor^ooo -10.0000000 o.oooooco 
IB 

L= 62 
K 

C.OOoOOOO -10.0000000 0,0000000 

u V p 
1 O.OOpOOOO -82.0268176 7249,2925127 
2 -9.45?4147 -82.0268176 7249,2925127 
3 -24.2235413 -78.5732798 6937,6349498 
t -48.78^0070 -71.1473010 6551,7301161 
5 -71.00S1447 -61.7820285 6843,1646426 
6 -30.8816820 -47.4380437 9759,1740687 
7 -2.11?7798 -21.3554438 11156,9516855 
Ö -2.32i2576 -9.4508944 11039.9224358 
9 C.OOppOOO -10.0000000 0,0000000 

10 0.0000000 -10.0000000 0,0000000 
11 O.OOpOOOO -;o.oOooooo 0,0000000 
12 o.oppnnoo -10.0000000 0,0000000 
13 O.OOpOOOO -10.0000000 0,0000000 
14 O.OPpOOOO -10.0000000 0,0000000 
15 O.OOpOOOO -10.0000000 0,0000000 
16 O.OOpOOOO -10.0000000 0,0000000 
17 0.0000000 -10.0000000 0,0000000 
IB 0.0000000 -10.0000000 0,0000000 

L= 63 
K u V p 

1 O.OOpOOOO -61.0513538 8974,6271123 
2 -I0.48fl8464 -61.0513538 8974,6271123 
3 -19.9424645 -58.9772038 9091,1351193 
4 -26.6532000 -55.1183693 9374,7530927 
5 -30.72q5561 -49.5087102 9748,5064019 
6 -28.82?3471 -42.7287024 10250,0698092 
7 -11.8039612 -34.6807394 10845,1576466 
8 3.09ft9040 -23.6842545 10922,1556718 
9 -8,46ul266 1.9203038 10813,3572648 

10 0.0000000 -10.0000000 0,0000000 

' 
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11 0,0000000 -10.0000000 0.0000000 

12 o,oocnooo -10.0000000 0.0000000 
13 0.0000000 -10.0000000 o.ocooooo 
1% 0.0000000 -10.0000000 0.0000000 
15 0,000n000 -10.0000000 o.ocooooo 
16 0,00on000 -10.0000000 o.ocooooo 
17 0,00on000 -lo.ooooooo 0.0000000 
16 o.ooonooo -10.0000000 0.0000000 

L= 6«f 
K u V p 

1 0,0000000 -48.02376^8 10140.2689266 
2 -6,51^1645 -48.0237648 10140.2689266 
3 •12,3783922 -46.8163989 10192.4043643 

4 -17,0»H*0353 -44.5687357 10306.2742884 
5 -19,6211230 -41.6940223 10471.1466032 
6 -19,4^cil826 -38,5640446 10651.4581042 
7 -15,573'*'+09 -35.368933Q 10785.2859917 
B -7,50^085»* -29.9761403 10758.5877674 
9 3,ölu0152 -8.9402761 10557.2669330 

in 0,O0rOC00 -10.0000000 0.0000000 
U o,oocnooo -lo.ooooooo 0.0000000 
12 c,oornooo -10.0000000 0.0000000 
13 COOppOOO -10.0000000 0.0000000 
m 0,0000000 -lo.ooooooo 0.0000000 
15 0,00on000 -10.0000000 0.0000000 
16 0,0000000 -lo.ooooooo 0.0000000 
17 0,0000000 -10.0000000 0.0000000 
18 o.ooconoo -10.0000000 0.0000000 

L= 65 
K u V p 

1 0,00pP000 -39.2339587 10699.1912733 
2 -«♦,39^2355 -39.2339587 10699.1912733 
3 -fl,l*«*8ö'*"72 -38.4817481 10720.8591449 
4 -ll,86«sn601 -37.0899104 10767.6330517 
5 -1^,576**716 -35.2052815 10827.6770013 
b -16,7110967 -32.9520442 10889.1692507 
7 -18,50?1603 -30.3771906 10942.5710077 
6 -18,37i9682 -27.2695485 11003.0272539 
9 -3,72^2250 -22.1141746 11203.4913647 

in o.ooonooo -1.7042921 0.0000000 
11 0,0000000 -10.0000000 0.0000000 
12 0,0000000 -10.0000000 0.0000000 
13 0,0000000 -10.0000000 0.0000000 
1«+ 0,00Cn000 -10.0000000 0.0000000 
15 0,0000000 -10.0000000 0.0000000 
16 0,0000000 -10.0000000 0.0000000 
17 0,000n000 -10.0000000 0.0000000 
18 

LS 66 
K 

C,00on000 -lo.ooooooo o.ocooooo 

u V p 
I o.oopoooo -32.7809941 11003.3453936 
2 -3,2265659 -32.7809941 11003.3453936 
3 -6,2917649 -32.2437845 11012.9590641 
4 -9.0b7n317 -31.2188104 11034.5007415 
5 -11.5596260 -29.7830068 11064.5493987 
6 -13,72qö098 -27.9716820 11100.0852222 
7 -15,6395679 -25.797168^  11139.6524618 
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6 -17.11*41833 -23.2427102 11185,6238479 
9 -16,7556953 -20.2422004 11253,2191473 

10 -0.947'*240 -16.4704140 11385,5554285 
11 o.ooeoooo -0.5778699 0,0000000 
12 o.ooonooo -10.0000000 0,0000000 
13 o.ooeoooo -10.0000000 0,0000000 
1« o.ooooooo -10.0000000 0,0000000 
15 O.OOpnOOO -10.0000000 0,0000000 
16 o.ooonooo -10.0000000 0,0000000 
17 o.ocpoooo -10.0000000 0.0 DOOOO 
18 

L= 67 
o.ooeoooo -10.0000000 0,0000000 

K 
1 

u 
o.oppnooo 

V 
-27.7731452 

p 
11186,0556152 

2 -2.5038268 -27.7731452 11186,8556152 
3 -4.9176803 -27.^558840 11192,3685792 
^ -7.1682177 -26.5508436 11205,3072574 
S -9.20?0882 -25.4102226 11224,4010466 
6 -10.96f,1058 -23.9664044 11248,8709884 
7 -12.3875807 -22.2522296 11278,1510251 
8 -13.35ib997 -20.2983048 11311,6719323 
9 -13.67^5399 -18.1159643 11348,4818051 
m -12.92fl6770 -15.6517979 11387,9755634 
li -0.16^2654 -12.6533406 11459,0904238 
12 0.0000000 0.1379119 0,0000000 
13 o.ooeoooo -10.0000000 0,0000000 
14 o.ooeoooo -10.0000000 0,0000000 
lb o.ooeoooo -10.0000000 0,0000000 
16 0.000^000 -10.0000000 0,0000000 
17 o.oopoooo -10.0000000 0,0000000 
18 o.ooeoooo -IO.OOOOOOO 0,0000000 

U— DO 
K U V p 

1 o.ooooooo -23.8043524 11304,1952747 
2 -1.98^1709 -23.8043524 11304,1952747 
3 -3.90t8744 -23.4757982 11307,9379807 
4 -5.ö9f,b657 -22.8357306 11316,6216324 
5 -7.31q3691 -21.9278596 11329,5559334 
6 -8.7238844 -20.7788803 11346,1807864 
7 -9.8679575 -19.4175338 11365,0829155 
6 -10.7IJS5454 -17.8776562 11387,9882293 
9 -11.16fl059b -16.1946934 11411.7673161 

10 -11.1207076 -14.3875325 11436,4244538 
11 -10.24i7969 -12.4073720 11461,1223834 
12 0.36<|3513 -9.9969536 11502,2087033 
13 o.ooooooo 0.5214294 0,0000000 
14 o.ooooooo -10.0000000 0,0000000 
15 o.ooeoooo -10.0000000 0,0000000 
16 0.0000000 -10.0000000 0,0000000 
17 0.0000000 -10.0000000 0,0000000 
18 

L= 69 
o.ooeoooo -10.0000000 0,0000000 

K 
1 

u 
o.ooooooo 

V 
-20.6370538 

p 
11380,9534843 

2 -1.58^3387 -20.6370538 1138ü,9534843 
3 -3.1149578 -20.3776099 11383.oOc8176 
4 -4.5505652 -19.8665647 11389,6015594 
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5 -5.8591222 -19.1397460 11398,4860974 
6 -6.9ü5nU4 -18.2191715 11409,8714228 
7 -7.91(,0730 -17.1280686 11425,3159023 
6 -0.63C51G2 -15.8926735 11438,3040490 
9 -9.09q45'?5 -14.5432414 11454,2718540 

10 -9.2925952 -13.1119853 11470,6656459 
11 -9.11^2480 -11.6174702 11487,0134304 
12 -0.26^8842 -10.016221^ 11502,9529231 
13 0.7333984 -8.0561981 11528,4317667 
!«♦ O.OOPPOOO 0.8250144 0,0000000 
15 0.0000000 -10.0000000 0,0000000 
16 o.oocoooo -10.0000000 0,0000000 
17 0.0000000 -10.0000000 0,0000000 
18 

L= 70 
K 

o.oocoooo -10.0000000 0,0000000 

u V p 
1 0.0000000 -18.0966489 11431,6749881 
2 -1.2698404 -18.0966489 11431,6749881 
3 -2.49qb453 -17.8909115 11433,5947233 
H -3,65^4986 -17.4803033 11437,8273931 
5 -4.7052887 -16.8942090 11444,0639066 
6 -5.6258691 -16.1501907 11452,0404051 
7 -6.39^1801 -15.2665272 I14bl,4561694 
8 -6.9932403 -14.2633086 11471,9659584 
9 -7.41.^2065 -13.1623397 11483,1833663 

in -7.6514237 -11.9871075 11494,7089488 
11 -7.6979968 -10.7625307 11506,1969991 
12 -7.48^3322 -9.5074728 11517,4483071 
13 -6.7199975 -0.2015147 11528,4687402 
14 0.9920661 -6.6570982 11544,5655334 
15 0.0000000 1.0449895 0,0000000 
16 O.OOpOOOO -10.0000000 0,0000000 
17 0.0CP0000 -10.0000000 0,0000000 
18 

L= 71 
O.OOPOOOO -10.0000000 0,0000000 

K 
1 

u 
O.OOpncOO 

V 
-16.0(*98023 

p 
11465,4234173 

2 -1.0230351 -16.0498023 11465,4234173 
3 -2.01^9123 -15.8858262 11466,8521593 
H -2.94ft3720 -15.5536693 11469,9174213 
5 -3,8004800 -15.0774768 11474,4127291 
6 -4.5511453 -14.4710701 11480,1603864 
7 -5.1Ö35570 -13.7486484 11480,9593206 
8 -5,t>bu7005 -12.9256522 11494,583313'i 
9 -6,04s9046 -12.018605" 11502,7834224 

in -6.26ul0fl5 -11.0443003 11511,2948726 
11 -6.3439776 -10.0186003 11519,8451589 
12 -6.29^0600 -8.9561586 11528,194372b 
13 -6.0Ö65238 -7.8693524 11536,2145501 
14 -5.5252249 -6.7534882 11544,0133522 
15 1.17^3590 -5.4968363 11555,5570955 
16 O.OOpOOOO 1.5398376 0,0000000 
17 O.OOpOOOO -10.0000000 0,0000000 
18 

U= 72 
K 

o.oocoooo -10.0000000 0.0000000 

Ü V P 
I o.occnpoo -14.3947914 11487,9666391 

mm — ■   
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2 -C.827l.U0 
3 -1.6298886 
4 -2.38^,6137 
i> -3.07q0958 
6 -3.691375«* 
7 -4.2.100213 
8 -4.62^5217 
9 -4.9276774 

10 -5,llfj7004 
11 -5.18fl2357 
12 -5.1502294 
13 -5.0145886 
14 -4.78^8238 
15 -4.34q4494 
16 1.87q3025 
17 o.noc^noo 
18 o.oconooo 

L= 73 
K u 

1 o.oonnooo 
2 -0.6701973 
3 -1.3212323 
t -1.9355136 
5 -2,4983293 
6 -2.9966639 
7 -3.41Q3960 
8 -3.7575274 
9 -4.00<|4019 

in -4.155Ö959 
11 -4.2102541 
12 -4.16^7993 
13 -'♦.0256317 
If -3.80i5499 
15 -3.5ür07?5 
16 -3.61P1837 
17 1.69i|4709 
18 o.ooonooo 

L= 7tf 
K U 

1 O.OOcOOOO 
2 -0.5435331 
3 -1.0718353 
4 -1.57P4015 
5 -2.0271026 
6 -2,4310685 
7 -2.77p7987 
8 -3.04^2734 
9 -3,23q0058 

in -3,35i9788 
11 -3.37q4990 
12 -3.31q0366 
13 -3.1672877 
m -2.9066201 
15 -2.4556042 
16 -1.5516379 
17 0.36q66l7 
18 O.ooonooo 

-14.3947914 
-14.2634893 
-13.9931291 
-13.6036849 
-13.1060306 
-12.5112165 
-11.8311004 
-11.0781722 
-10.2650326 
-9.4033047 
-8,5014187 
-7.5626191 
-6.5887843 
-5.5954350 
-4.6030451 
2.6211165 

-10.0000000 

-13.0536282 
-13.0536282 
-12.9481023 
-12.7270039 
-12.4069893 
-11.9966818 
-11.5047559 
-10.9404567 
-10.3134021 
-9.6330971 
-8.9082081 
-8.1455617 
-7.3472012 
-6.4993972 
-5.5431495 
-4.3^6374 
-0-.6211155 
-10.0000000 

-11.9658354 
-11.9658354 
-11.8808354 
-11.6995279 
-11.4359188 
-11.0969378 
-10.6895314 
-10.2211089 
-9.6993890 
-9.1320316 
-8.5260227 
-7.8866784 
-7.2165781 
-6.5167602 
-5.7952241 
-5.0900898 
-4,5245430 
3.9367294 

11487, 
11489, 
11491, 
11494« 
11498, 
11503, 
11509. 
11515« 
11522« 
11529« 
11535« 
11542« 
11548« 
11554« 
11561« 

0. 
0, 

9666391 
0603843 
3423109 
6745830 
9378984 
9989846 
7081783 
9030567 
4157023 
0752175 
7105183 
1624417 
3396250 
3175052 
7124858 
0000000 
0000000 

256 

11503, 
11503« 
11503« 
11505« 
11508« 
11511« 
11515« 
11519« 
115?',« 
11529« 
11534« 
11540« 
11545« 
11551« 
11556« 
11561« 
11570« 
11570« 

P 
0158805 
0158805 
8748393 
6182752 
1537078 
4011365 
2712474 
6655999 
4779299 
5994590 
9239233 
3528820 
7878011 
1046285 
1740036 
1115033 
2894079 
2894079 

11512« 
11512« 
11513« 
11515« 
11517« 
11519« 
11522« 
11526« 
11529, 
11533« 
11538« 
11542. 
11547« 
11552« 
11557« 
11562« 
11568« 
11568, 

P 
9904384 
9904384 
6790584 
0408382 
0130069 
5408958 
5643414 
0170336 
8287506 
9287120 
2493037 
7340875 
3576384 
1720174 
3410439 
9057894 
5305121 
5305J21 
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L-  7b 
K U V P 

1 0.00p"000 -11.0838190 11519,4903250 
2 -0.«mpb739 -11.0838190 11519.4903250 
3 -0.86ql338 -u.oi53oeo 11520.0513537 
H -1.2732157 -10.8665556 11521.1331780 
5 -1.6427'*92 -10.6494196 11522.6927708 
6 -1,96A'*775 -10.3695763 11524.6920409 
7 -2,2tf?lP'*5 -10.0327500 11527,0886133 
6 -2.45f,3009 -9.6451327 11529.836''806 
9 -2.6046133 -9.2133270 11532.6866551 

10 -2.6811487 -8.7442234 11536.1892181 
11 -2.67q^26l -8.2449576 11539,6972309 
12 -2.5916835 -7.7233733 11543,3696220 
13 -2.4P11193 -7.l8q7446 11547.ib94181 
1«* -2.07fln237 -6.6603784 115^1,0375733 
15 -1.5753820 -6.l622U8fl 11554,8084984 
.1.6 -0.8494713 -5.7320824 11558,0343204 
17 O.OOpOOOO -5.3463104 11559,8470467 
IB 

L= 7fa 
O.OOpnpOO 5.34631OH 11559,8470467 

K 
1 

U 
c.ooponoo 

V 
-10.3695257 

P 
11523,5903795 

2 -0.356,8480 -10.3695 257 11523,5903795 
3 -0.7038382 -10.3143420 11524,0525949 
«♦ -1.03r61'>7 -10.1925172 11524,9225433 
5 -1.32B5378 -10.0141196 11526,1696773 
6 -1.58q6364 -9.7838964 11527,7664299 
7 -1.8065930 -9.5067158 11529,6818610 
6 -1.97?6913 -9.1880002 11531,8805474 
9 -2,0816266 -P.8337934 11534,3248966 

10 -2.127^861 -8.4508902 11536,9731123 
11 -2.1019699 -8.0471987 11539,7800254 
12 -1.9973142 -7.6325386 11542,6913398 
13 -1.8016391 -7.2199691 11545,6318977 u -1.50?2744 -6.8?73i38 11548,4852838 
15 -1.09P5037 -6.4777223 11551,0618808 
16 -0.57.32014 -6.1917502 11553,0752140 
17 0.00Co000 -5.9007564 11554,1812527 
16 

L= 77 
O.OOpnpOO 5.9007564 11554,161252/ 

K 
1 

U 
o.oopnooo -9.7920549 

P 
11526,0237391 

2 -0.2884752 -9.792054^ 11526,0237391 
3 -0.56R9713 -9.7476728 11526,4073509 
^ -0.83?b591 -9.648300^ 11527.1122669 
5 -l,07j8598 -9.5024545 11528,1161415 
6 -1.27Q9846 -9.3141634 11529,3980139 
7 -1.45p5148 -"•.0876770 11530,9328335 
8 -1.577^403 -8.8278821 11532,6921950 
9 -1.65fsn238 -8.5404482 11534,6427570 

10 -1.6775858 -P.2320355 11536,7454040 
11 -1.O3Q3.I.73 -7.9106435 11536,9529179 
12 -1.5343729 -7.b86lllR 11541,2044633 
13 -1.3576743 -7.2706901 11543,4202860 
1U -1.10^7663 -6.9794127 11545,4r26512 
15 -0.7846621 -6.7295453 11547,2822013 
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16 -0,10p9492 -6.5322651 11548.6185561 
17 O.OOpOOOO -6.2904820 11549.3181656 
18 

L= 78 
O.OOoOOOO 6.2904820 11549.3181656 

K 
1 

u 
O.OOcOOOO 

V 
-9.3259967 

P 
11527,2979746 

2 -0.2326103 -9.3259967 11527.2979746 
3 -0.4501686 -9.2903559 11527,bl8l633 
4 -0.67i3.l04 -9.2097947 11528,1921374 
5 -0,86?9243 -9.0914112 11529,0031331 
b -1.02fl0969 -8.9386350 11530.0336416 
7 -1.1612998 -8.7552045 11531,. 6?2668 
8 -1.2573726 -8.5455315 11532.ü6a424 
9 -1.3115035 -8,3148415 11534,2148143 

10 -1.31q2454 -8,0693329 11535,8695882 
11 -1.2766722 -7.8163655 11537,5862020 
12 -1.1606P63 -7.5647563 11539,3088693 
13 -1.03o4400 -7.3247220 11540,^675549 
U -0.8273466 -7.1080048 11542,4786257 
15 -0.5776878 -6.9269793 11543,7446656 
16 -0.2927353 -6.7870375 11544,6620184 
17 O.OOcOOOO -6.5735900 11545,1291698 
18 o.ooo^ooo 6.5735900 11545,1291698 

L= 79 
K u V P 

1 O.OOpnOOO -8.9502657 11527,7701552 
2 -0.1876878 -8.9502657 11527,7701552 
3 -0.37C1853 -8.9216605 11528.0388417 
4 -0.54n6898 -8.8569000 11528,5077627 
5 -0.6938329 -8.7617052 11529,1640657 
6 -0.82^5993 -8.6389612 11529,9929428 
7 -0.92H3364 -8.4919246 11530.9767919 
8 -l.0On7893 -8.3245070 11532,0936340 
9 -1.0381656 -8.1413627 11533,3163674 

10 -1.0372651 -7.9479834 11534,6119302 
11 -0.9957333 -7.7507573 11535,9404619 
12 -0,9124578 -7.5570107 11537,2544649 
13 -0.78R1525 -7.3749366 11536,4Q82462 
14 -0.62^.0919 -7.2133489 11539,6093140 
15 -0.4327693 -7.0809396 11540,5206131 
16 -C.2175178 -6.9797220 11541,1679755 
17 O.OOnOOOO -6.7839476 11541,4925414 
18 

L= 60 
O.OOcOOOO 6.7839476 11541,4925414 

K 
1 

u 
O.OOpOOOO 

V 
-8.6472650 

P 
11527.6949043 

2 -0.15I3538 -8.6472658 11527,6949043 
3 -0.29R5380 -8.6243298 11527,9218676 
4 -0.43^5802 -8.5728719 11528,3065038 
5 -0.5579593 -8.4972399 11526.8384753 
6 -0.6614826 -8.3997998 1.529,5055817 
7 -0.74?3143 -8.2833374 11530,2923630 
6 -0.7970454 -8.1512309 11531,1794477 
9 -0.82?8016 -8.0074913 11532,1436460 

10 -0,8173983 -7.8567839 11533,1561799 
11 -0.77g5660 -7.7044217 11534,1838944 
12 -0.70q2485 -7.5563202 11535,1882326 

258 
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13 -0.6079867 -7.4188184 11536.1259813 
in -0,4703141 -7.2^84231 11536.9510400 
lb -O.32qn306 -7.201171P 11537.6177738 
16 -0.1644883 -7.1271515 11538,0849252 
17 C.OOo^OOO -6.9430265 11538.3164520 
18 

L= 81 
K 

O.OOrPPOO 6.9430265 11538,3164520 

U V P 
1 O.PPrOOOO -8.4024485 11527,2570096 
2 -0.12?32?.l -8.4094485 11527,2570096 
3 -0.24124^8 -8.384093^ 11527,4502459 
•» -0.35i5637 -R.3438778 11527,7673612 
5 -0.4495333 -8.2847235 11528.2000537 
6 -0.53i6933 -8.2085167 11520,7379856 
7 -0.5949209 -8.1175980 11529,3670391 
8 -0,b3b532S -0.0148043 11530,0733159 
9 -0.6543918 -7.9034870 11530,0341133 

10 -0.647P573 -7.7874632 11531,6265757 
11 -0.61:i9451 -7.6710907 11532,4237078 
12 -0.5555445 -7.55895^6 11533,1949229 
13 
14 

-P.4730257 -7.4559221 11533,9071964 
-0.37i4445 -7.3667352 11534.5269936 

15 -0.2536301 -7.2955640 11535,0219915 
16 -0.12^4442 -7.2413605 11535,3654633 
17 O.OOCPOOO -7.065328O 11535,5341250 
18 

L= 62 
K 

O.OOpOOOO 7.0653289 11535,5341250 

U V P 
1 O.OOpOOOO -8.2037932 11526,5919390 
2 -0.09q2684 -P.2037932 11526,5919390 
3 -0.19^6048 -8.1893918 11526,7582732 
4 -0.2646461 -S.1587216 11527,0221169 
5 -0.3633399 -8.1134018 11527,3762989 
6 -0.42*6472 -8.0549347 11527.8120647 
7 -0.47«6420 -7.9852545 11528,3180522 
8 -0.51061.6'. -7.906686° 11528,8005711 
9 -0.5231978 -7.8219426 11529,4030437 

in -0.51^4544 -7.7340906 11530,1059122 
11 -0.4872172 -7.b465201 11530.7277563 
12 -C.43q2P86 -7.5628193 11531,3240021 
13 -C.3731409 -7.4866398 11531,0703959 
U -0.29i7897 -7.4214604 115^2,3415520 
IS -0.19^9831 -7.3701662 11532.7148261 
16 -0.n9qO.l55 -7.331024O 11532,9/16049 
17 O.OOCOPOO -7.1611235 11533,0964021 
16 o.uocnooo 7.1611235 11533,0964021 

L= 83 
K u V P 

1 O.OOPOOOO -3.0419068 11525,0017116 
2 -0.Pbc9l.90 -8.0419068 11525,0017118 
3 -0.l59n48A -8.0312477 11525,^474638 
4 -0,?3iO67ii -8.0086581 11526,1694911 
5 -0.2945P59 -7.9748640 11526,4618332 
6 -0.347n212 -7.9311244 11526,0172259 
7 -0.3ö<.,5597 -7.8790160 11527,2262628 
8 -0.4114633 -7.8203885 11527,6777600 
9 -0.42r5690 -7.757362° 11520,1577716 
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10 -0,41:12876 -7.o923l89 11528.6508138 
11 -0.3896894 -7.6278569 11529.1391062 
12 -0.3505576 -7.5667040 11529.6049538 
13 -0,297'*279 -7.5116003 11530.0266124 
If -0.23?5687 -7.4651256 11530.3917351 
15 -0.1586761 -7.4293680 11530.6778374 
16 -0.07q41«m -7,4022768 11530.8735063 
17 o.oocnooo -7,2379837 11530.9669199 
16 0.0000000 7.2379837 1153Ü.9669199 

K U V P 
1 O.OOoOOOO -7.9099767 11524.9647322 
2 -0.0659719 -7.9099767 11524.9647322 
3 -0.12q0802 -7,9031390 11525,0948379 
U -0.1672597 -7,887229Q 11525.2838964 
5 -0.23«^29 -7,8628866 11525.5279961 
6 -0.2806648 -7.8312463 11525,8206176 
7 -0.31?2477 -7,7935560 11526.1543105 
8 -0.33i8897 -7,7512241 11526.5196684 
9 -0.3387258 -7,7058472 11526.9056084 

in -0.33^3935 -7,6592045 11527.2992785 
11 -0.3130864 -7,6132244 11527.6871743 
12 -0.26j5654 -7.5699425 11528.0549536 
13 -0.23ql641 -7.5313973 11528.3879946 
XH -0.1Ö77025 -7,4995503 11528.6723274 
15 -0.12q2827 -7,4760654 11528.8959379 
16 -0.0657674 -7,4591048 11529.0481160 
17 o.oopoooo -7.3016682 11529.1196416 
18 

L= 65 
O.OOpOOOO 7,3016682 11529.1196416 

K 
1 

Ü 
O.OOoOOOO 

V 
-7.8037442 

P 
11524.1417224 

2 -0.0531511 -7.8037442 11524.1417224 
3 -0.1034842 -7.8006499 11524.2596279 
4 -0.15cn667 -7.7899908 11524.4233541, 
5 -0.19i0588 -7.7732153 11524.6296423 
6 -0.224Ö.1.39 -7,7513375 11524,8733694 
7 -0.24Q9803 -7,7252624 11525.1485753 
a -0.2655422 -7,6960626 11525.4477161 
9 -0.2708679 -7,6648199 11525.7611993 

10 -0.26s7396 -7,fa328270 11526.0793390 
11 -0.25p4011 -7.6014586 11E26.3912390 
12 -O.i.255530 -7.5721890 11526.6855369 
13 -0.19?3356 -7.5465092 11526.9515226 
in -0.1522202 -7.5259484 11527.1781134 
15 -0.10f,7337 -7.5120468 11527.3566460 
16 -0.0566475 -7.5036231 11527.4788375 
17 O.OOOOOOO -7.3565535 11527.5357413 
18 

L= 66 
O.OOoOOOO 7.3565535 11527.5357413 

K 
1 

U 
o.ooo0ooo 

V 
-7.7208541 

P 
11523.3792486 

2 -0.04i5n35 -7.7208541 11523w3792486 
3 -0.0ÖO7198 -7.7207811 11523.4874663 
«+ -O.II7I924 -7.7140196 11523,6310783 
5 -0.14c2891 -7.7031311 11523.8079364 
6 -0.1757006 -7.6688968  11524.0140381 
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7 -0,l9fi3839 -7.6719158 11521.2110718 
8 -0.2070765 -7.6529563 11521,1918997 
9 -0.2118151 -7.6327017 11521.7501555 

10 -0.2079886 -7.6120111 11525.0106161 
J.1 -0.19^3395 -7.5919137 11525.2619906 
12 -0.177**879 -7.5733262 11525.5011336 
13 -0.1523930 -7.5573192 11525.7201073 
U -0.1222729 -7.5151700 11525.9019955 
15 -O.OBA3'*07 -7.5382672 11526.0512131 
16 -0.05C6767 -7.5365828 11526.1529135 
17 O.OCQOOOO -"•.1056816 11526.2020871 
IB 

L= 07 
O.OOOOOOO 7.1056816 11526.2020871 

K 
1 

U 
o.oopoooo 

V 
-7.6591112 

P 
11522.7101659 

2 -0.03C7850 -7.6591112 11522.7101659 
3 -0,06r2323 -7.6611105 11522.6107693 
«♦ -O.OB76O3I -7.0571893 11522.9391056 
5 -0.1116710 -7.6507001 11523.0936120 
6 -0.1311935 -7.6121598 11523.2701702 
7 -0.11^3080 -7.6319800 11523.1656751 
6 -0.1555621 -7.6205850 11523.6712916 
9 -0.15ft9321 -7.6081725 11523.8901722 

10 -0.15b3705 -7.59616?V 11521.1069811 
11 -0.mRO981 -7.5812676 11521.3183012 
12 -0.13^6395 -7.5731272 11521.5169523 
13 -0.1167815 -7.5613837 11521.6963250 
14 -0.09cs5':41 -7.5580220 11521.8509216 
15 -0.07?0311 -7.5556809 11521.9716973 
16 -0.0162759 -7.5583673 11525.0632661 
17 0.0000000 -7.1505761 11525.1102979 
18 

L= 8B 
O.OOnOOOO 7.1505761 11525.1102979 

K 
1 

U 
O.OOoOOOO 

V 
-7.6168501 

P 
11522.1573531 

2 -0.02138O5 -7.6168501 11522.1573531 
3 -0.0122012 -7.6192316 11522.2522552 
4 -O.O61I6I5 -7.6173216 11522.3695087 
5 -0.07fl1105 -7.6138601 11522.5069719 
6 -0.09?1778 -7.6092522 11522.6615715 
7 -O.IO3O396 -7.6037611 11522.8301202 
8 -0,10q7363 -7.5976108 11523.0095136 
9 -0.11?3638 -7.5911587 11523.1939151 

10 -0.Ilo9050 -7.^816100 11523,3783173 
11 -0.1055558 -7.5783150 11523.5577832 
12 -0.0967357 -7.5727367 11523.7269111 
13 -O.OB5O7IO -7.5682627 11523.8806727 
!«♦ -0.07i1l83 -7.5655101 11521,0115969 
15 -0.0568259 -7.5656170 11521.1211930 
16 -0.0117713 -7.5701112 11521,2065125 
17 o.oocoooo -7.1911231 11521,2551369 
IB o.oornooo 7.1911231 11521,2551369 

L= 89 
K u V P 

1 0,00cn000 -7.5899112 11521,7361162 
2 -0.01.^5587 -7.5899112 11521.7361162 
3 -0.0269989 -7.5921263 11521.8277581 
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«♦ -0,03q5656 -7.5915825 11521.9362574 
5 -0.05p7305 -7.5899309 11522.0607753 
6 -0.0600172 -7.5877935 1152^.1995423 
7 -0.0670674 -7.5852931 11522.3493921 
6 -0.071Ö307 -7.58253c»7 11522.5072513 
9 -0,0735927 -7.5796461 11522.6689269 

in -0.Ü7?9597 -7.5767538 11522.8304202 
11 -0.0600966 -7.5740220 11522.9876275 
12 -0.0647194 -7.5716362 11523.1366391 
13 -0.0579239 -7.5698591 11523.2736367 
ID -0.0502050 -7.5690673 11523.3954536 
15 -0.0425443 -7.5700057 11523.4993892 
16 -0.0358715 -7.5742467 11523.5820907 
17 o.ooroooo -7.5259706 11523.6375975 
IB 

L= 90 
O.OOpOOOO 7.5259706 11523.6375975 

K 
1 

U 
o.oocnooo 

V 
-7.5757933 

P 
11521.4594203 

2 -0.0071873 -7.5757933 11521.4594203 
3 -0.0151370 -7.5771961 11521.5468715 
«♦ -0.02?6231 -7.5766913 11521.6492238 
5 -0.02o2381 -7.5760490 11521.7654529 
6 -0.0347284 -7.5753357 11521.8934166 
7 -0.03ft91l0 -7.5745538 11522.0309729 
8 -0.04i6669 -7.5737234 11522.1746760 
9 -0.0429466 -7.5728637 11522.3212662 

in -0.04?7739 -7.5720219 11522.4677632 
11 -0.0412701 -7.5712410 11522.6108144 
12 -0.03A6569 -7.5705819 11522.7471600 
13 -0.0352965 -7.5701428 11522.8742855 
If -0.0317401 -7.5700820 11522.9903283 
15 -0.0288687 -7.5707712 11523,0951021 
16 -0.0279569 -7.5733380 11523.1879550 
17 o.ooonooo -7.5531651 11523.2627402 
18 

L= 91 
o.oonoooo 7.5531651 11523.2627402 

K 
1 

u 
O.OOnOOOO 

V 
-7.5700000 

P 
11521.3313634 

2 -0.00-^0115 -7.5700000 11521.3313634 
3 -0.0070247 -7.5700000 11521.4175108 
1 -0.0103841 -7.5700000 11521.5178142 
5 -O.OI32O68 -7.5700000 11521.6298523 
6 -0.0154948 -7.5700000 11521.7520418 
7 -0.0172148 -7.5700000 11521.8824270 
8 -0.01B3423 -7.5700000 11522.0177482 
9 -0.01fla646 -7.5700000 11522.1558633 

10 -0.0188098 -7.5700000 11522.2935128 
11 -0.nifi2404 -7.5700000 11522.4280889 
12 -O.OI727I2 -7.5700000 11522.5574496 
13 -0.01^1034 -7.5700000 11522.6796391 
14 -0.0150784 -7.5700000 11522.7943781 
15 -O.OI4Ö8O4 -7.5700000 11522.9039016 
16 -O.OI72513 -7.5700000 11523.0147290 
17 o.oocoooo -7.5700000 11523.1482806 
16 

La 92 
K 

o.ooroooo 7.5700000 0.0000000 

u V P 
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1 0,0000000 -7.5700000 0,0000000 
2 r.ooonooo -7.5700000 11521.3313634 
3 o.ooonooo -7.5700000 11521.(1175108 
^ o.ocroooo -7.5700000 11521.5178142 
5 o.oornooo -7.5700000 11521,6298523 
6 o.oopoooo -7.5700000 11521,7520418 
7 o.ooroooo -7.5700000 11521,8824270 
8 O.OOoPOOO -7.5700000 11522,0177482 
9 c.oocnooo -7.5700000 11522.1558633 

in o.POnoooo -7.5700000 11522,2935128 
11 o.ncpoooo -7.5700000 11522,4280889 
12 o.oopoooo -7.5700000 11522,5574496 
13 O.OPpPOOO -7.5700000 11522,6796391 
m o.oopoooo -7.5700000 11522,7943781 
15 o.oopoooo -7.5700000 11522,9039016 
16 o.oopoooo -7.5700000 11523,0147290 
17 O.OOpOOOO -7.5700000 11523,1482806 
10 o.oopoooo -10.0000000 0,0000000 

h» 
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APPENDIX   IX 

SAMPLE  DIALOGUE  FOR 
COMPUTATIONAL  INPUT  PROGRAM 
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APPENDIX  X 

SAMPLE  DIALOGUE  FOR ABMAC 

MM 
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MISSION 
of 

Rome Air Development Center 

RADC  is the principal AFSC ozganization charged with 
planning and executing the USAF exploratory and advanced 
development programs for electromagnetic intelligence 
techniques, reliability and compatibility techniques for 
electronic systems, electromagnetic transmission and 
reception, ground based surveillance, ground 
coamunications, information displays and information 
processing.    This Center provides technical or 
management assistance in support of studies, analyses, 
development planning activities, acquisition, test, 
eralucizion, modification, and operation of aerospace 
systems and related equipment. 
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